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HE fact that the horizon moon is much 
larger in perceived size than the moon in 
the heavens is so obvious that it must have been 
recognized by primitive man, even though there 
are still many persons, some of them with Ph.D.’s 
as well as many city dwellers without Ph.D.’s, 
who have never heard of this phenomenon.! 
The great Ptolemy described the phenomenon, 
noting correctly that it holds not only for the 
moon, but also for the sun as seen through fog 
and for the constellations. The phenomenon 
would thus seem to be celestial. Ptolemy sug- 
gested that the great perceived size of the horizon 
moon may be due to its comparison with terres- 
trial objects, and this is the 
explanation today. 

Stated so simply the explanation makes no 
sense, however. Why should contrast make the 
moon seem large rather than small? The horizon 
moon subtends the same angle as an horizon 
object 230 ft wide 5 mi away, or as an object 46 
ft wide 1 mi away. So the moon is, in this sense, 
“bigger” than a house, although smaller than a 
field or a hill. If it looks large by contrast, it 
must be because a smaller size is expected. 
Undoubtedly there is a contrast effect, one that 
makes the horizon moon seem large as compared 
with the memory of the more familiar moon in 


most common 


ee the history of thought and research on the moon 
illusion, see E. Reimann, “Die scheinbare Vergrésserung 
der Sonne und des Mondes am Horizont,” Zeits. f. Psychol. 
30, 1-38, 161-195 (1902). 


elevation, but this contrast is a consequence of 
the illusion, not its cause. 

This common explanation does, however, 
insufficient justice to Ptolemy. He was not so 
naive. When he spoke of the comparison of the 
horizon moon with terrestrial objects he was 
thinking, not of the objects at the horizon, but 
of the objects between the horizon and the ob- 
server. An extent of filled space is nearly always 
perceived as greater than the same extent of 
empty space. The horizon, Ptolemy thought, 
ought to look farther away than the zenith, and 
that might make the horizon moon look larger 
than the zenith moon. 

Ptolemy’s theory, elaborated by many phil- 
osophers, is illustrated in Fig. 1, in a diagram 
similar to one drawn by Robert Smith in 1738.3 
If the zenith is perceived as nearer the observer 
than is the horizon, then the arch of the heavens 
would appear to be ellipsoidal, as if extending 
along the curve HzH for an observer at O. 
Actually the moon more nearly describes an 
arc of a circle HZH and always (practically) 
subtends the same angle at O, as shown in Fig. 1. 
Thus the moon, actually at the zenith Z, ap- 
pears to be at a nearer, false zenith z, and looks 
smaller than it would if perceived farther away. 
If a near object subtends the same angle as a 


2 Cf. H. Helmholtz, Physiological optics (1866, tr. 1910), 
vol. III, pp. 290-292, 360-362. 
*R. Smith, A compleat system of opticks (1738), 


vol. I, 
pp. 49-70, esp. pp. 62-67. 
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far object, the near object must be smaller than 
the far—that is the argument. The argument 
was plausible enough, because comparison with 
terrestrial objects between the observer and the 
horizon ought to make the distance to the horizon 
seem greater than the empty undifferentiated 
distance to the zenith. 

Yet the argument is wrong for the simple 
reason that the moon in elevation looks farther 
away than the moon on the horizon—to all who 
have observed the moon much and thought 
about the matter. If asked why, they say, ‘The 
moon is so much smaller in elevation; of course, 
because it looks farther away’’—thus inverting 
Ptolemy’s logic. 

If the moon appeared to be nearer at the 
zenith than at the horizon, then certainly it 
ought to seem smaller at the zenith. Perceived 
size is known to be thus dependent upon per- 
ceived distance. The brain habitually corrects 
the size of the retinal image for the distance of 
the object. A man 40 ft away puts on the retina 
an image half as tall as a man 20 ft away, but 
he looks just about the same size, because his 
distance away is perceived and a correction is 
made in the perception. But in the case of the 
moon it is not the perceived distance that de- 
termines the perceived size. On the contrary, the 
perceived size would seem to determine the 
perceived distance. 

There has been no end of discussion of the 
moon illusion. Both Gauss and Helmholtz 
proposed studying the phenomenon with mirrors, 
but never undertook the experiment. They would 
have had trouble. The horizon moon is apt not to 
look large when seen in a small imperfect mirror. 

The amount of the change in perceived size 
of the moon was measured by Pozdéna in 1909.5 
He equated the size of an artificial moon close at 
hand to the size of the real moon at different 
elevations, and he found the ratio of the per- 
ceixed diameter of the elevated moon to the 
perceived diameter of the horizon moon to be 
about 1/2.5. 


4E. G. Boring, “Size constancy and Emmert’s law,” 
Am. J. Psychol. 53, 293-295 (1940); A. H. Holway and 
E. G. Boring, ‘‘Determinants of apparent visual size with 
distance variant,” Am. J. Psychol. 54, 21-37 (1941). 

5R. F. Pozdéna, “Eine Methode zur experimentellen 
und konstruktiven Bestimmung der Form des Firma- 
mentes,”’ Zeits. f. Psychol. 51, 200-246 (1909). 
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Schur in 1925 showed that this phenomenon 
is not necessarily celestial.§ It appears for terres- 
trial artificial moons if the distances are but 
great enough. She found a ratio of the diameter 
of the zenith moon to the diameter of the 
horizon moon of 1/1.2, when the moons were 4 m 
away, and of 3 when the moons were 33 m away. 
Since the change in this ratio was asymptotic to 
the ratio 4, she concluded that the illusion would 
hold in maximum amount for distances beyond 
33 m. She worked indoors and did not find it 
practicable to get an artificial zenith more than 
33 m above the floor. Her finding means that 
the illusion holds for the moon in elevation at 
those greater distances where the clues to the 
perception of the distance are not fully adequate. 
Since one can easily perceive 33 m along the 
ground, this result also suggests that the illusion 
is really the smallness of the moon in elevation 
when seen through empty space, not its bigness 
on the horizon. That is about how the problem 
stood until recently. 


IS THE PHENOMENON PHYSICAL? 


The evidence is overwhelming that this 
phenomenon depends upon the _ physiological 
properties of the observer and not upon physical 
factors external to him—not upon refraction, 
nor upon atmospheric haze which might make 
the horizon look more distant than the zenith. 
Here are some of the reasons. 

The difference in size does not appear in 
photographs. The camera is fairly faithful to the 
subtended angle. I have seen one photograph, 
made by the late W. R. Warner who constructed 
the Lick telescope. It shows the moon succes- 
sively at different elevations on the same nega- 
tive. The diameter of the image increases about 
20 percent as the moon rises, due undoubtedly 
in part to creeping on the plate, for the moon in 
elevation shines through less atmosphere and is 
brighter. This enlargement is too great for the 
2 percent increase that would be caused by the 
fact that the zenith moon is nearer to the ob- 
server by the radius of the earth. 

If the large horizon moon is viewed through 
any physical instrument that is perceived by the 
observer as near to him, then the perceived moon 


®E. Schur, ‘“Mondtaéuschung und Sehgrosskonstanz,” 
Psychol. Forsch. 7, 44-80 (1925). 
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THE MOON 
loses its great size. That is why it usually looks 
small in a poor mirror where the glass or the 
frame is visible. The horizon moon looks small 
when viewed through a tube or when pinched 
between the thumb and forefinger. Bring your 
fingers tangent to the limbs of the horizon moon 
and it shrinks at once. Take your fingers away, 
and it snaps back to its inflated size. 

When the moon is big on the horizon, lie 
down on your back with your head toward the 
moon, hanging the head over a log or stone or 
the edge of a table. The moon, huge but a 
moment before, is now quite small, small enough 
to make you exclaim. Or stoop over and view 
the horizon moon between your legs. Again it 
shrinks. So the perceived size of the moon must 
depend on the properties of the biological view- 
ing mechanism and is thus truly an illusion. 


CONDITIONS OF THE ILLUSION 


Recently a series of experiments on the illusion 
has been in progress, experiments carried out 
from 1936 to 1941 by Dr. Holway, Mr. Taylor 
and myself.? We arranged to project an artificial 
moon on a white cloth screen, 3.5 m away from 
the observer and placed always a little to one 
side of the real moon’s azimuth. The observer 
controlled a series of apertures in the projection 
lantern, adjusting them until the artificial 
moon matched in perceived size the real moon 
at its different elevations. 

This judgment of equality is not so easy to 
make as one might think. Abstracted equiva- 
lences are always troublesome. Heterochromatic 
photometry, for instance, is difficult because the 
observer has to abstract from the hues to equate 
the brightnesses. These equations of judgments 
between the real and artificial moons, were 
“‘heterotelic,” that is to say, the observer had 
to match in size two objects which were at 
different distances. He cannot, of course, see the 
size of his own retinal image, and, when he is 
aware of the distance, then his brain auto- 
matically tends to correct for distance—at least 
approximately when the distances are not too 


7A. H. Holway and E. G. Boring, ‘‘The moon illusion 
and the angle of regard,”” Am. J. Psychol. 53, 109-116 
(1940); ‘‘The apparent size of the moon as a function of 
the angle of regard: further experiments,’’ Am. J. Psychol. 
53, 537-553 (1940); D. W. Taylor and E. G. Boring, ‘‘The 
moon illusion as a function of binocular regard,’”’ Am. J. 


Psychol. 55, 189-201 (1942). 
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Fic. 1. Ptolemy’s theory of the moon illusion: O=ob- 
server; H,H=horizon; Z=true zenith; 2=perceived 
zenith. [Adapted from Robert Smith (1738). ] 


great and there are sufficient clues to tell him 
what the distance is.* The retinal image remains, 
nevertheless, the primary determinant, so that 
there is some conflict and uncertainty. A man 
40 ft away looks about as large as he did 20 ft 
away, when he is seen with two eyes in good 
light with perspective obvious. But a man 1000 
ft away looks smaller than one 20 ft away even 
under the same good conditions for knowing 
about distance—just as parallel railroad tracks 
seem to get closer together in the distance. 
This difficulty of the judgment accounts: for 
some of its variability. 

We also used mirrors in the apparatus shown 
in Fig. 2. There is no reason why mirrors should 
not be used, provided they are invisible. These 
mirrors were front-aluminized optical surfaces 
without frames. They were placed at the ends 
of long 5-m arms, which could be rotated to 
place a moon at any desired elevation. We had 
two arms and two mirrors so that two moons at 
different elevations could be compared directly. 

The black arms and the black clips that hold 
the mirrors are quite invisible when, a bright 
moon is shining at one from the mirrors, but 
there is a difficulty. The mirror cannot be placed 
near the real moon, but opposite against a dark 
part of the sky. Then on a hazy night the mirror 
is no longer invisible, because it becomes a 
rectangular patch of bright haze seen against 
the black sky behind it. So the illusion then 
fails to appear, as is almost always the case with 
visible mirrors. It is often better, therefore, to 
use the real moon, if only one has the patience 
to wait month after month for cloudless nights 


8 Holway and Boring, reference 4 (1941). 











Fic. 2. Mirrors for the moon illusion. The positions of the 
mirrors m, m are controlled by strings. Each mirror is at 
the end of an arm that can be elevated, and the angle of 
elevation is read on the protractor p. The observer has his 
head (behind the protractor) immobilized by his biting 
firmly on a rigid biting-board. The projection screen for an 
artificial moon is not shown. 


when the moon is full and to stay up late enough 
for nature to provide the desired elevations. 
Still, without the mirrors we should never have 
known the size the moon would appear to have 
if it could be seen below the horizon. 

In the early experiments we were able to 
measure the changing perceived size of the moon 
as it ascended, but we did not get smooth func- 
tions. The observed points fell to one side or the 
other of what seemed to be the average curve. 
Then we found the difficulty. We had left the 
observer free to move his head—just as everyone 
before us had done. When you look at the moon 
in nature you move your head, or your eyes, or 
more often both. 

If the head is fixed in a vertical position, the 
eyes can be raised about 40° above the horizontal 
or a little more. The neck can easily be bent 
backward another 40°. If you stand erect and 
look at the zenith, you almost inevitably have to 
bend the body backward to get the remaining 
10°. It is important, therefore, to know whether 
the eyes are responsible for the illusion or whether 
it is the neck. 

We arranged to immobilize the head by having 
the observer bite firmly on a horizontal strip of 
metal, a biting-board, fixed in the apparatus of 
Fig. 2. We could then study the illusion up to 35°. 
Vision begins to get blurred when the eyes are 
raised as much as 40°. We could also make the 
plane of the biting-board vertical, so as to work 
with a supine observer who was looking straight 
ahead at the zenith. Finally, we pivoted the 
biting-board in such a way that the head could 
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move and leave the eyes always looking straight 
in front at a mirrored moon. 

Here is what happens. For the erect observer 
the perceived moon gets smaller as it ascends 
from 0° (straight ahead) to 35°, and the full 
amount of shrinkage is reached in that span. 
Figure 3 is the average of results for two ob- 
servers who always agreed pretty well with each 
other during the six years of experimentation. 
The ratio of perceived diameters in these data is 
1/1.9—about what Schur got with an artificial 
moon at 33 m, a little less than what Pozdéna 
got for the real moon. 

If the observer is supine looking straight 
ahead at the zenith, the same kind of function is 
found—only then does one have to use mirrored 
moons, because the real moon in Massachusetts 
does not often get to the zenith. If the supine 
observer hangs his head over the edge of a table 
to see the moon ascend, then the moon starts 
small at the horizon and gets larger as it ascends. 
If the angle of the biting-board is controlled so 
that the observer always looks straight ahead 
from his skull at the moon, then there is no 
illusion. If the moon is placed by mirrors below 
the horizon, then, for an erect observer, it 
shrinks as it descends below the horizontal. 
So the maximum size is straight ahead. 

If the supine observer sees the moon rise from 
25° below ‘‘straight ahead’”’ to 35° above—a 
total range of 60°, which is all he can get out of 
his eyes—then the perceived moon first expands 
up to the straight-ahead position and thereafter 
contracts. 

Strange things happen if the observer is 
allowed to use only one eye.’ Immediate memory 
then affects the perception. If he makes binocular 
and monocular observations alternately on the 
same evening, then the illusion holds for monocu- 
lar observation, although the data are a little 
less reliable. The binocular judgments have 
affected the monocular. But, if the observer is 
made monocular with a patch over one eye for an 
entire evening, then the illusion fails. 

Persons who have lost an eye appear not to 
have the illusion. Some of them give smooth 
functions with no change in the perceived size. 
Others, who are sophisticated about the fact of 
the illusion, believe that they see it, but do not 


® Taylor and Boring, reference 7 (1942). 
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THE MOON 
report consistently. Presumably the _ illusion 
depends on binocular vision. 

There remain two special points for considera- 
tion. Why do the perceived angular diameters of 
Fig. 3 vary between 1.7° and 3.5°, when it is 
well known that the real moon subtends an 
angle of only about half a degree? There is no 
satisfactory answer to this question, but the 
difference is consistent with what is called the 
size-constancy phenomenon—the fact that a dis- 
tant object does not look nearly so much smaller 
than a near object as its retinal image is smaller. 
These perceived sizes of the real moon are 
measured by the diameter of an artificial moon 
only 3.5 m away. If the small image of a distant 
object matches in perceived size the larger image 
of a near object, then the image of the near 
artificial moon must be made larger than the 
image of the distant real moon if the two are to 
match. But the precise answer to the question 
will not be forthcoming until the quantitative 
relationships that express perceived size as a 
function of distance have been worked out. Just 
now we know these functions only up to 200 ft. 

The other point concerns the emotional 
accompaniments of the illusion. When the erect 
observer sees the large horizon moon he ex- 
claims ‘‘Oh!” with a rising inflection—generally. 
He is surprised and pleased. When a supine 
observer with head hanging over the table edge, 
or anyone doubled over and looking between his 
legs, sees the tiny horizon moon, he exclaims 
“Oh!” with a falling inflection—generally. He is 
surprised and disappointed. Why? 

The supine observer sees the zenith moon 
large, but he never exclaims about it. He says 
it does not appear large to him, yet he equates 
it to an artificial moon just as large as the 
artificial moon to which, when erect, he had 
already equated the horizon moon. Nor does the 
erect observer ever exclaim about the small size 
of the moon in elevation. He just takes it for 
granted, as if that were the size the moon really is. 

The answer must lie in memory and expecta- 
tion. The moon is usually seen in elevation— 
in cities almost always. That is the size it is. 
One carries these absolute impressions around 
with him. Thus the large horizon moon comes 
as a great surprise. The observer, supine or 
doubled over, has just been seeing the horizon 
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moon large. He is surprised when his change of 
position makes it small. 

So comparison does come in, but it is not as 
Ptolemy thought, a comparison with terrestrial 
objects. It is comparison of the moon with itself 
seen previously. This fact makes it unsafe to 
try to demonstrate the nature of the illusion by 
asking anyone to lie down and observe a zenith 
moon or one high in elevation. Apparatus for the 
measurement of the perceived size is needed. 
But it is always safe to ask him to try shrinking 
a large horizon moon by doubling over to view 
it from between his legs. , 


THEORY 


There is no satisfactory further theory for 
explaining this phenomenon. It is not due to 
physical causes outside the visual mechanism. 
It is not due to the greater brightness of the 
moon in elevation, when atmospheric haze is 
diminished. It depends on raising or lowering 
the eyes. Movements of the head, neck and body 
do not cause it. 

The theory most generally held by psychol- 
ogists cannot be true. It is that the eyes when 
raised tend, because of the balance of their 
muscles, to diverge or at least to converge less. 


~ uo 
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Fic. 3. Perceived size of the moon as a function of its 
elevation. The curve is the average of data for two ob- 
servers, erect with heads immobilized. The perceived size 
is measured by the angle subtended by an artificial moon, 
equated in size to the real moon but only 3.5 m away. 
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Thus an effort for convergence is necessary to 
keep the binocular image from doubling up, 
and the clue from innervated convergence is the 
clue to perceived nearer distance. If the theory 
of Fig. 1 were correct, this clue might explain 
the illusion; but we have seen that the moon in 
elevation does not look nearer. It appears to be 
farther away, because it is seen as smaller. This 
theory, moreover, would require that the moon 
below the horizon look still larger than at the 
horizon, whereas it looks smaller. 

When the eyes are raised they also rotate 
slightly, the one relative to the other, and in 
such a way as to produce a stereoscopic effect in 







Atomic Theory from 1904 to 1913 
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which high objects would look nearer‘than low. 
This theory would work out satisfactorily for the 
smaller moon below the horizon, but it too is 
inconsistent with the fact that it is the horizon 
moon that looks nearest. 

There remains only the suggestion that the 
effort of raising or lowering the eyes shrinks the 
perceived size of the moon—a theory of inhibi- 
tion or drainage. Since we do not know why 
muscular effort in the visual mechanism should 
affect visually perceived size, in these cases 
where the clues to perceived distance are missing, 
we are forced to leave the problem there without 
ultimate solution. 
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Foreword 


HIS is the first of three articles on the development 

of the atomic theory of Bohr up to 1915, when 
Sommerfeld and Wilson made their contributions. In these 
papers an attempt is made to trace the advancement of 
some branches of physical theory that accompanied the 
amazing experimental discoveries of the first 15 years of 
the century. The outstanding contributions in this field 
were the revolutionary quantum theory of Planck and the 
equally revolutionary application of this theory by Bohr 
to the theory of atomic structure. It is significant how 
few changes in the theory have been found necessary during 
the 30 years since the publication of Bohr’s first papers. 
His two-dimensional atom has become three-dimensional ; 
the electron has lost its definite character as a small sphere 
rotating in a well-defined orbit, but whatever it is, it is 
still considered to be moving about a central nucleus with 
a positive charge, and to be the cause of the radiation 
responsible for line spectra. It has been found necessary 
to ascribe spin to the electron to account for fine structure. 
The alpha-particles and electrons which in 1913 were 
thought to constitute the nucleus have been replaced by 
protons and neutrons. But the essential features of the 
early Bohr atom are still recognizable in the 1943 concept 
of the atom. The purpose of the present papers is to show 
how these essential features came to be incorporated in 
his model. 

The author takes pleasure in expressing his gratitude for 
valuable help given freely during the preparation of these 
articles by Professor Frank Hoyt and Professor Carl 
Eckart, of the Department of Physics, University of 
Chicago. Thanks are due also to Professor James Franck, 
of the Department of Chemistry, University of Chicago, 





Luther College, Regina, Saskatchewan 


for his kindness in furnishing information concerning the 
famous Franck-Hertz experiments. 


1. THE THOMSON ATOM 


The first theory of atomic structure that had 
a definite form was offered in 1904 by Sir. J. J. 
Thomson.! His epoch making experiment on the 
ratio of the charge to the mass of the carriers of 
negative electricity in cathode rays, based on 
his assumption that these carriers were particles, 
had disposed of any hypothesis that they might 
be anything but particles. The atom contained 
electrons. Now arose the question as to the 
number of electrons in the atom. The clue to the 
answer Thomson? found in the scattering of a 
beam of x-rays passing through matter. If e 
is the charge on the electron, m its mass, c 
the velocity of light and N the number of elec- 
trons per unit volume, then the scattering 
coefficient «, he showed, was given by 
8x et 
itso 
3 ws 





This scattering coefficient had been experi- 
mentally determined by Barkla, the value of 
1 Thomson, Phil. Mag. 7, 237 (1904). 


2 Thomson, The corpuscular theory of matter (Constable, 
1907), chapter 6. 
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ATOMIC THEORY 


e/m by Thomson himself; the number of atoms 
per unit volume of the material was known; 
hence the number of electrons per atom could 
be computed. From the early determinations 
by Barkla of the value of ¢, Thomson was led 
to conclude that this number was of the order 
of the atomic weight. Later measurements of ¢ 
gave the number as more nearly half the atomic 
weight. It is interesting to note that in the case 
of the lighter elements—up to calcium—this 
agrees with modern theory. To overcome the 
mutually repelling forces of the electronic 
charges and retain the electrons in the atom, the 
negative charges of the electrons must be bal- 
anced by an equal positive charge. Thomson 
had shown that the mass of the electron is of the 
order of 1/2000 the mass of the hydrogen atom. 
It followed that nearly the entire mass of the 
atom was associated with the positive charge 
which it contained. 

Any acceptable theory of atomic structure 
had to explain the emission of line spectra. 
The electromagnetic theory postulated the 


existence in the atom of- elementary particles 
which were normally at rest, but which on being 


disturbed would vibrate with the frequencies 
required to produce the characteristic line spectra 
of the elements. In view of the much larger mass 
of the positively charged part of the atom, the 
assumption was reasonable that it was the 
electrons which vibrated in the process of 
emitting radiation. 

All these requirements, based on the conclu- 
sions from experiment and the principles of 
electromagnetic theory, were satisfied to a 
considerable extent by the atom model proposed 
by Thomson. He described the atom as consist- 
ing of a sphere of positive electrification,, of 
dimensions of the order of 10-8 cm, throughout 
which the electrons were distributed. Electro- 
static forces would hold them in fixed positions. If 
they were displaced from these equilibrium posi- 
tions, they would be acted on bya return force pro- 
portional to the displacement. Thus they would 
execute simple harmonic vibrations and would be 
capable of emitting radiation of a corresponding 
frequency. Thomson calculated the arrangements 
of the electrons for some 70 different atoms. 

This atom model appears to have been more 
or less generally accepted for nearly a decade, 
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despite serious shortcomings. It failed to account 
for the atomic spectra. The hydrogen atom, for 
example, has one electron, which Thomson’s 
theory placed at the center of the atom. If dis- 
placed from this equilibrium position it would 
vibrate with a certain frequency and would be 
capable of emitting radiation of only that 
frequency. Thus the hydrogen spectrum ought 
to have only one line. 

Another objection to this theory of atomic 
structure resulted from applications of electro- 
magnetic theory to the electron itself. During 
the early years of the century the possible shapes 
of the electron interested investigators. In 
particular, the so-called ‘‘contractile” electron 
described by H. A. Lorentz’ received much 
attention. Lorentz suggested that the electron 
had a spheroidal form, and he derived expres- 
sions for the mass of the electron, distinguishing 
between the longitudinal mass, given by the 
ratio of the applied force to the acceleration 
produced when the applied force is parallel to 
the direction of motion, and the transverse mass, 
when the force is perpendicular to that direction. 
If e is the charge on the electron, a is its radius, ¢ 
is the velocity of light, 6 is the ratio of the 
velocity of the electron to the velocity of light, 
and mr and my, are the transverse and longi- 
tudinal mass, respectively, the equations for the 


mass are: 
2e? 


mL= (1—6)-, 
3ac? 
2e? 


mr =——(1 —p?)-}. 
3ac? 


These equations tell us that the mass of the 
electron is a function of its velocity. Far values 
of the velocity of the electron exceeding about 
one-tenth the velocity of light, they predict an 
appreciable increase in the mass with increasing 
velocity. In 1906 Kauffmann‘ measured the mass 
of the electron for various. velocities up to a 
very high value, and the results of his experi- 
ments showed a variation in the mass with 
velocity in fairly good agreement with the theory 
developed by Lorentz. This agreement between 
theory and observation, which was confirmed 


3 Lorentz, The theory of electrons (Teubner, 1909). 
4 Kauffmann, Ann. d. Physik 29, 487 (1906). 
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later by the research of Bucherer and Neumann 
on the deflections of fast beta-particles subjected 
to forces perpendicular to the direction of 
motion, indicated that the mass of the electron 
is entirely electromagnetic. By inference, this is 
true of the elementary positive particle also. 

The expressions just cited show that for ve- 
locities which are small compared to the velocity 
of light, the mass approaches a constant value 
Mol = 2e?/3ac?], which is called the rest mass. 
Evidently the radius a of the particle is inversely 
proportional to the mass. On substituting the 
accepted values of e, c and mo, one finds that 
the radius of the electron is 1.88X10-" cm, 
while the radius of the positive particle, the mass 
of which is 1845 times as large as that of the 
electron, is 1.03 X10~-'* cm. Thomson’s‘atom gave 
the dimensions of the positive part as 10-* cm, and 
those of the electron as being much smaller, which 
was just the reverse of what this theory required. 

The final blow that rendered the Thomson 
model obsolete, despite attempts to revive it by 
injecting quantization, came in 1912 from the 
experimental work by Rutherford on the scatter- 
ing of alpha-particles, which proved that the 
central positive charge of atoms must occupy a 
very small space indeed. Calculations based on 
the Thomson model as to the number of alpha- 
particles scattered through large angles on 
passing through a given material deviated 
radically from observed results. According to 
these calculations, for instance, the number of 
particles scattered through an angle of 30° on 
passing through gold foil of a given thickness is 
of the order’ of one in 10" particles. But Geiger 
and Marsden® showed in 1909 that 1 in 8000 
particles was deflected through an angle greater 
than 90° by a thin film of platinum. 


2. THE RITZ MAGNETIC ATOM MODEL 


An interesting attempt to arrive at an atomic 
explanation of the laws of spectral series was 
made by W. Ritz® in 1908. He pointed out that 
the known series laws involve the frequency » 
instead of v?, as would be expected, since the ac- 
celeration is (d?/d#*)[sin v(t—t)]. Thus the 
forces appear to be proportional not to the posi- 
tion, but to the velocity of the electron, as in 


5 Geiger and Marsden, Proc. Roy. Soc. London 82, 495 
(1909). 


6 Ritz, Ann. d. Physik [4] 25, 660 (1908). 
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the case of motion of a charge in a magnetic 
field. This suggests the hypothesis that the 
frequencies in spectral series are generated by 
purely magnetic forces. 

Considering an electric particle of charge e 
and mass m in a magnetic field of strength H 
parallel to the z axis, we have, from electro- 
magnetic theory, 


ell elT 
méi=—y, mj=——z, mz=0, 
c 
from which 

He 

x=A sin —(t—to), 
mc 
Fle 

y=A cos-—(t— to), 
mc 

z=2)—Bt, 


where A, B, 2 and ¢o are arbitrary constants. 
These equations represent a helicoidal motion— 
uniform translation parallel to H, superposed 
on a circular vibration of frequency ef7/2mmce in 
the plane perpendicular to H7. Ritz assumes that 
H is due to a molecular magnet of pole-strength 
nu and length J. Assuming e to be located on the 
axis of the magnet produced a distance r from 
its nearest pole, he got 


1 1 
fel 
rr? (r+)? 


pep 1 1 
~~ |—- | (1) 
mcLr? (r-+1)? 


This equation is similar in type to the formulas 
for spectral series, such as the one Ritz himself 
had derived empirically, namely, 


1 1 
»=R|—-——__|, 
a? (n+a+b/n?)? 
where R is the Rydberg constant, a and b are 
constants depending on the kind of atom and the 
series considered, and n takes successive integral 
values. Ritz considered the similarity in the two 
equations very significant, since the spectral 
laws differ so entirely from other known laws. 
To show how his magnetic formula would 
apply in a particular case, Ritz selected the 
Balmer formula, an equation of the type, 
1 1 


=F —-—_|. 
a? (a+n)? 





which gives 
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In the case of the Balmer series, a=2 and 
n=1, 2, 3, ---. Suppose that in Eq. (1) we let 
y=as, and /=ns, where a and n have the values 


just given, and s is a constant. This substitution 
would give 


pe Tl 1 
y= |-- “| (2) 
s*mcLa* (a-+n)? 
It is evident that Eq. (2) is identical with Eq. (1) 
if R=ep/s*mc. Since | is the length of the molecu- 
lar magnet, and 7 is an integer, it appears that 
this molecular magnet, the length of which is a 
multiple of s, must be formed by placing n 
magnets of length s pole to pole. Ritz showed 
by electromagnetic theory that these molecular 
magnets might well be electrons, possibly of a 
cylindrical shape, with their charges distributed 
uniformly over the surface, and spinning about 
their own axes. Considerations of stability pre- 
cluded the possibility of an orbital motion about 
a center. If such a motion did occur, Ritz 
thought that one could ascribe to it only a 
perturbation effect which might result in a 
broadening of the spectral lines. The spinning 
electrons would not radiate energy, and this was 
a prime consideration in all atomic theory prior 
to Bohr. 
If the length of the elementary magnet is 


changed and 7 is varied properly, Eq. (1) can be 
reduced to 


1 1 
=R| iain | (3) 
(a+a)? (n+ 8)? 


where a and @ are constants that depend on the 
kind of atom. This is the Rydberg formula. 
Ritz now argued that the atomic forces must have 
a similar effect on both poles, so that if one found 
a series given by, for instance, * 


1 1 
r=R]— | (4) 
(+a)? (n+)? 


it was reasonable to assume that one should also 
find a series defined by 


aes 
(1+8)? (n+a)21 
Now, Eq. (4) gives the principal series and Eq. 
(5) the sharp series of the alkali metals. If in 
these equations is set equal to unity, the 


~ (5) 
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numerical values of the frequencies are the same. 
This is equivalent to saying that the first line of 
the principal series in the spectra of the alkalies 
is also the first member of the sharp series, a 
fact which had been discovered 12 years before 
by Rydberg and also by Schuster. 

If, in Eq. (3), a is allowed to take successive 
integral values as well as n, an entirely different 
series is predicted for each value assigned to a. 
Ritz pointed out that the hydrogen spectrum 
should have other series besides the Balmer 
series, and in the succeeding decade four more 
series of hydrogen were discovered. In another 
paper which appeared at the same time,’ Ritz 
predicted also that the spectra of the alkalies 
should show many more series besides the sharp, 
principal and diffuse series known at that time. 
The eventual discovery of the so-called ‘‘com- 
bination sharp series’ and ‘“‘combination prin- 
cipal series’’ verified this prediction as well. 
This was the first formulation of the now famous 
Rydberg-Ritz combination principle. 

Ritz further calculated from electrodynamic 
considerations the effect upon the frequency of 
the lines of adding a constant magnetic field to 
the original magnetic field of the atom, and 
suggested that expressions for the splitting up 
of the lines observed in the Zeeman effect might 
be derived. This proposed model of Ritz’s was 
not developed; but in 1915 it was resurrected 
and a more or less serious attempt made to use 
it. This will be discussed in a later article. It is 
interesting to note, in concluding, that Ritz 
pioneered the idea of a spinning electron as 
early as 1908. 


3. THE NUCLEAR ATOM 


The first attempt at constructing ‘a nuclear 
atom was made in 1904, when Nagaoka® sub- 
mitted a tentative sketch of an atom model. 
He called it a ‘“‘quasi-stable system.”’ It consisted 
of a large number of electrons equally spaced in a 
circle, with a single heavy nucleus at the center. 
Coulomb’s law of electrostatic attraction and 
repulsion was supposed applicable. The particles 
were assumed to be oscillating either radially or 
normally to the plane of the orbit, while main- 
taining constant speed in the circular orbit. 


7 Ritz, Astrophys. J. 28, 237 (1908). 
8 Nagaoka, Phil. Mag. 7, 445 (1904). 
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The charge on the nucleus was much greater 
than that on one of the electrons, which were 
also much smaller than the nucleus. Nagaoka 
did not calculate any frequencies of radiated 
energy. He suggested the breaking of the ring 
as a possible cause of radioactive emission. 

In 1911 Rutherford proposed his well-known 
atomic model, which differed essentially from 
the Thomson model in that the positive charge 
was concentrated at the center instead of being 
uniformly distributed throughout the atom. 
His conception of the actual model may best be 
comprehended from his own words:® 


We shall first examine theoretically the single en- 
counters of alpha particles with an atom of simple 
structure, which is able to produce large deflections of 
an alpha particle, and then compare the deductions 
from the theory with the experimental data available. 

Consider an atom which contains a charge + Ne at 
its center surrounded by a sphere of electrification 
containing a charge --Ne supposed uniformly dis- 
tributed throughout a sphere of radius R. e is the 
fundamental unit of charge, which in this paper is 
taken as 4.65107! E.S. unit. We shall suppose that 
for distances less than 10~” cm the central charge 
and also the charge on the alpha particle may be 
supposed to be concentrated at a point. It will be 
shown that the main deductions from the theory are 
independent of whether the central charge is sup- 
posed to be positive or negative. For convenience, the 
sign will be assumed to be positive. The question of 
the stability of the atom proposed need not be con- 
sidered at this stage, for this will obviously depend 
upon the minute structure of the atom, and on the 
motion of the constituent charged parts. 

In order to form some idea of the forces required to 
deflect an alpha particle through a large angle, con- 
sider an atom containing a positive charge Ne at its 
center, and surrounded by a distribution of negative 
electricity Ne uniformly distributed within a sphere 
of radiusR.... 


Using this model, Rutherford computed the 
number of alpha-particles per unit area striking 
a screen at an angle of deflection ¢ to be pro- 
portional (z) directly to cosec! 3; (ii) directly 
to the thickness ¢ of the scattering material, for 
small values of t; (zi) directly to (Ne), where e 
is the charge on the electron and N is an integer 
depending on the atom; and (7v) inversely to the 
square of the initial kinetic energy of the par- 
ticles. These predictions were completely veri- 
fied by the experiments of Geiger and Marsden.!° 


® Rutherford, Phil. Mag. 21, 669 (1911). 
10 Geiger and Marsden, Phil. Mag. 25, 605 (1913). 
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This established the claim of the model to serious 
consideration, despite objections to it as regards 
stability. It was impossible to explain how 
equilibrium could be secured, if the electrons 
were at rest, by the operation of electrostatic 
forces alone. The electrons would repel one 
another with forces much less than those which 
would attract them to the nucleus, and would 
fall into the latter. Giving the electron circular 
orbital motion, similar to that of the earth about 
the sun, for example, does not remove the diffi- 
culty. If the electrostatic attraction Ee/r? of a 
nucleus of charge E for an electron of charge e at 
a distance r is just balanced by the centrifugal 
force mv*/r, mechanical equilibrium results. 
But the electromagnetic theory demands that 
such a revolving electron, being subjected to a 
constant centripetal acceleration, should radiate 
energy. This energy can come only from the 
energy of the system, which will therefore de- 
crease, thus causing the electron to approach 
the nucleus by a spiral path and to emit radia- 
tion of constantly increasing frequency. This is 
in contradiction to the observed sharpness of 
spectral lines. 

These difficulties made it necessary to cast 
about for a new approach. In 1912 the first 
attempt was made at applying the quantum 
theory of Planck to the nuclear atom; a previous 
discussion by A. E. Haas" in 1910 of the sig- 
nificance of Planck’s constant based on Thom- 
son’s atom will be mentioned in Section 5. 


4. THE QUANTUM THEORY 


In the first of his epoch-making papers Bohr” 
pointed out that the inadequacy of the classical 
electromagnetic theory in the discussion of the 
behavior of systems of atomic dimensions was 
generally admitted. It had been found necessary, 
in explaining diverse phenomena aside from those 
of thermal radiation, to depart from the strict 
classical electromagnetic theory and to intro- 
duce into the laws describing these phenomena 
the quantity that had become familiar to 
physicists as the Planck constant. 

The origin of the quantum theory of radiation 
proposed by Planck™ lay specifically in the 

' Haas, Jahrb. d. Rad. 7, 261 (1910). 

2 Bohr, Phil. Mag. 26, 1 (1913). 


18 Planck, Verh. d. D. Phys. Ges. 2, 237 (1900); Planck, 
Ann. d. Physik 4, 553 (1901). 
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failure of the classical electromagnetic theory to 
account for the phenomena observed in the 
study of blackbody radiation. Since an adequate 
presentation of the genesis of the theory and the 
derivation of Planck’s equation is beyond the 
scope of this paper, a brief outline merely of the 
salient points will be attempted. 

An ideal blackbody is one that absorbs all 
radiation incident on it. If the energy of the 
radiation emitted by a blackbody is plotted as a 
function of the frequency of that radiation, 
characteristic curves are obtained at every 
temperature. The intensities associated with the 
frequencies of this radiation differ in a manner 
that was the subject of much investigation just 
before the turn of the century. It was found that 
the spectral distribution of the radiation intensi- 
ties varies with the temperature of the black- 
body emitting the radiation, but is independent 
of its material composition. The well-known 
Stefan-Boltzmann law, Wien’s displacement law 
and the Rayleigh-Jeans law resulted from at- 
tempts to reconcile theory and observation. The 
method of calculating the intensity distribution 
was based on the assumption that the radiation 
is emitted because the particles composing the 
blackbody vibrate as linear harmonic oscillators 
with many different frequencies, and it is the 
variation in the relative intensities associated 
with these different frequencies that caused the 
differences in intensity observed in the blackbody 
spectrum. But all attempts to obtain an expres- 
sion for the distribution of intensities among the 


different frequencies led to the prediction that, 


the radiation of very high frequencies in the 
blackbody spectrum should be extremely intense, 
whereas the actual intensity associated with these 
frequencies approaches zero. . 

In 1900. Planck proposed a startling deviation 
from classical ideas: it might be admitted that 
the elementary oscillators possessed all possible 
frequencies of vibration, but not all energies of 
vibration. Planck assumed that the energy of 
each oscillator must be an integral multiple of 
the quantity hv, where h is a universal constant 
and » is the frequency of the oscillator in ques- 
tion. He called hv a quantum of energy, and h 
the quantum of action. 

It was impossible to reconcile this assumption 
with the theory that light is a wave motion. 
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The classical conception of a wave carries with 
it the inevitable assumption of a continuous 
distribution of energy. On the basis of a cor- 
puscular theory of light, however, quantization 
of light energy could be easily conceived. 
Einstein“ realized this, and followed Planck’s 
lead, when in 1905 he applied the quantum 
theory to the explanation of photoelectric 
phenomena. His well-known photoelectric equa- 
tion, 3mv?=hv—wo, was verified by experimental 
work done by Ladenburg in 1907 and by Millikan 
in 1916. 

This second triumph of Planck’s theory was 
followed very shortly by another. In 1907, 
Einstein again used the quantum theory to 
explain specific heats; the classical theory had 
failed to account for variation in atomic heat 
with temperature, whereas the equation set 
up by Einstein, and developed by Nernst and 
Lindemann,’ fitted the experimental data well. 
It was an obvious step, therefore, to try to 
apply this theory to the explanation of spectral 
radiation and to atomic structure. 


5. EARLY ATTEMPTS AT THE APPLICATION OF 
THE QUANTUM THEORY TO 
ATOMIC STRUCTURE 


Haas’ Quantization of the Thomson Atom 


The first attempt at ‘‘quantizing’” the atom 
was that made by Haas. In a paper entitled 
‘‘Der Zusammenhang des Planckschen ele- 
mentaren Wirkungsquantums mit den Grund- 
gréssen der Elektronentheorie”’!? Haas computed 
the total energy of the hydrogen atom according 
to Thomson’s model by making use of ordinary 
mechanical formulas; then he computed hy for 
this atom, and compared the results. If the 
radius of the atom is a and that of the electron 
orbit is 7, the force with which the electron is 
attracted to the center of the atom is given by 
e’r/a®, the kinetic energy of the electron is 
e’r?/2a*, and the latter is equal to the potential 
energy. If r equals a, we have for the kinetic or 
the potential energy the value e?/2a and for the 
total energy the value e/a. 


4 Einstein, Ann. d. Physik 17, 132 (1905). 
16 Einstein, Ann. d. Physik 22, 180 (1907). 


16 Nernst and Lindemann, Sitz. Preuss. Akad. Wiss., 
p. 494 (1911). 


17 Haas, Jahrb. d. Rad. 7, 261 (1910). 
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To compute the frequency of vibration.» he 
proceeded as follows. The force acting on a 
particle in simple harmonic motion is m-47°v*r. 
Equating this to e’r/a*, we get 


ton 
a — ie 
2ar(am)! L4a*x2\m 


Haas used the following values: 


1.1<aX10%cm <2.2 
3.0<eX10! esu <4.7 
e/m=5.6X 10" esu g™ 
h=6.548 X 10-*7 erg sec. 


The ratio of e?/a to hv lies between 0.70 and 1.92, 
with 0.93 as the most likely value. That is, hv 
was about equal to the total energy of the atom. 


Nicholson’s Theory 


The sketchy attempt by Haas at ‘‘quantizing”’ 
the atom was followed in 1912 by a much more 
ambitious effort on the part of J. W. Nicholson.'® 
In a series of papers he presented an atomic model 
that must have been highly suggestive to Bohr. 
In an attempt to explain certain lines occurring 
in spectra of the nebulas, Nicholson assumed a 
series of hypothetical elements with the simplest 
possible types of atom. One of them, which he 
called “‘nebulium,’’ was supposed to have an 
atom consisting of a nucleus of negligible size 
surrounded by a ring of four electrons each of 
charge —e, equally spaced in a circle, the 
nucleus having a charge +4e. These electrons 
he supposed were vibrating in a direction normal 
to the plane of the ring. The energy of the system 
was calculated from the principles of mechanics, 
and was found to bear a constant ratio to the 
frequencies with which the electrons would have 
to vibrate in order to emit certain wave-lengths. 
This led Nicholson to think that the atom might 
be considered from the point of view of the 
Planck oscillator. To quote from one of his 
papers:!® 


Since the variable part of the energy of an atomic 
system of the present form is proportional to mna?.”, 
E/frequency = mna*w or mnav, which equals the total 
angular momentum of the electrons around the 


18 Nicholson, Month. No. R.A.S. 72, 49, 139, 677 
(1911-12). 
19 Nicholson, reference 18, p. 139. 
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nucleus. If, therefore, the constant h of Planck has, as 
Sommerfeld has suggested, an atomic significance, it 
may mean that the angular momentum of an atom can 
only rise or fall by discrete amounts when electrons 
leave or return. 


This is one of Bohr’s fundamental assumptions. 
Bohr himself in his first paper gives credit to 
Nicholson for the latter’s ideas. He points out, 
however, that the theory does not seem able to 
account for the laws of Balmer and Rydberg 
concerning spectral series in ordinary elements; 
further, that?° 


. in Nicholson’s calculations the frequency of 
lines in a line spectrum is identified with the fre- 
quency of vibration of a mechanical system in a 
distinctly indicated state of equilibrium. As a re- 
lation from Planck’s theory is used, we might expect 
that the radiation is sent out in quanta; but systems 
like those considered, in which the frequency is a 
function of the energy, cannot emit a finite amount 
of a homogeneous radiation, for, as soon as the emis- 
sion of radiation is started, the energy, and also the 
frequency of the system are altered. . . . Finally, 
according to Nicholson, the systems are unstable for 
some modes of vibration. 


Today Nicholson appears to have been for- 
gotten. Yet his ideas were nearly as revolution- 
ary as Bohr’s, and he seems to have held similar 
fundamental hypotheses. Jeans in 1914 subjected 
Nicholson’s theory to a thorough critical in- 
vestigation, and says, in part,”! 


The sharpness of the observed spectral lines de- 
mands that the radius of the ring of electrons should 
remain invariable, or should have only a definite 
number of possible values, jumping from one to the 
other instantaneously, perhaps, as the energy is lost 
by radiation. Whatever view is taken it is obvious 
that something quite different from the Newtonian 
mechanics will be required to explain the motion. 
Nicholson believes he can find quite distinct evidence 
of the existence of Planck’s quantum from a study of 
the radii of the different rings, but his work is hardly 
complete enough yet to admit of abstraction as a 
finished theory. We may take leave of it with the re- 
mark that, in addition to whatever it may achieve 
when more fully developed, it has probably already 
succeeded in paving the way for the ultimate ex- 
planation of the phenomenon of the line spectrum. 


Bohr found the ground for his fundamental 
assumptions pretty well prepared. 


20 Bohr, Phil. Mag. 26, 7 (1913). 
21 Report on radiation and the quantum theory (‘‘The 
Electrician” Print. & Pub. Co., 1914), p. 50. 
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Advanced Instruction and Research in Mechanics 


R. G. D. RicHARDSON 
Brown University, Providence, Rhode Island 


S scientists we are often called upon to dis- 

tinguish between cause and effect on the 

one hand and mere coincidence on the other. 

May I therefore pose at the outset the following 
questions? 

Is it coincidence that the founding of the Ecole 
Polytechnique just preceded the beginning of 
Napoleon’s successful army campaigns? Is it co- 
incidence that fundamental research in ship con- 
struction was assiduously prosecuted in Britain 
during the period just before 1900, when the 
maritime commerce of that great nation held an 
assured position of world leadership? Is it coinci- 
dence that over the last quarter century airplane 
research at Géttingen and other German centers 
was heavily subsidized and vigorously pursued 
and that in this war German aviation has come 
spectacularly to the forefront? Is there a lesson 
to be learned here in America from the considera- 
tion of such concurrences? 


The Place of Applied Mathematics in 
American Education 


Since 1900, America has made gigantic strides 
in mastering its environment. The progress made 
in the physical sciences and engineering almost 
outruns the imagination. Taken as a whole, we 
have advanced in these 40 years from a third-rate 
power in scientific research to a first-rate power. 
It is not necessary to identify for you various 
sectors of the field of the physical sciences where 
this country now stands pre-eminent; you, can 
name those in physics and astronomy far better 
than I. On the other hand, there are sectors 
where we have lagged woefully behind. 

It is to overcome the lag in one of those sectors 
that the work in mechanics at Brown University 
was inaugurated. This country is deficient, for 
example, in the mathematical theories underlying 
ship construction. We have relied on other 
countries to do much of the mathematical work 
upon which progress in the engineering of this 
and other fields must be based; now we must 
try to make up for lost time. 


The Need for a Program 


We have in America some men whom we call 
isolationists. They were defeated at Pearl Harbor; 
but the onrush of world events has isolated 
America in a fashion of which they never 
dreamed. We have discovered alarming defi- 
ciencies in rubber and tin and—just as important 
—in certain types of technics and of ideas. In a 
world forever at peace we might rely entirely on 
other countries both for essential materials and 
for the cultivation of essential sciences; but under 
present circumstances there is near tragedy in 
our deficiencies in basic materials and in our 
lack of command of some of the basic scientific 
theories. While we shall renew our cooperation 
with enemy scientists after the war, surely we 
will not allow ourselves to be caught again in 
the predicament of neglecting those sectors of 
science that are basic to our military safety. 

Looking ahead to the postwar period, it ap- 
pears essential that America should be strong in 
the whole field of science in order that it may 
serve as a world center for advanced instruction 
and research. Latin Americans should come 
north as well as go to Paris; Chinese and other 
Asiatic scholars should make America, as well as 
Europe, their goal; the trickle of Europeans in 
the direction of America, which began before the 
war, must increase to a considerable stream. In 
this way, our institutions can demonstrate to 
nationals of other countries how persons of 
divergent origins and cultures can live amicably 
and contribute mutually to the upbuilding of 
civilization. Science can thus contribute toward 


a better understanding among the nations of the 
world. 


The Impulse and the Subsequent Development 


Late in 1940 the Committee on Survey of 
Research in Industry appointed by the National 
Research Council submitted a report to the 
National Resources Planning Board and to the 
President of the United States. Of this report, 





































































































68 





ke. G. DB: 






Dr. Thornton C. Fry, Mathematical Research 
Director, Bell Telephone Laboratories, wrote one 
section entitled Industrial Mathematics. The re- 
port has been widely circulated and is available 
as a House Document of the 77th Congress. 

In his report Fry points out that the field of 
usefulness of mathematics is expanding, partly 
through the development of new industries such 
as aircraft manufacture, and partly through the 
incorporation of new scientific developments into 
industrial research, as in the application of 
quantum physics to chemical manufacturing and 
of statistical theory to the control of manu- 
facturing processes. He states further that the 
need for professional mathematicians in industry 
is bound to grow as the complexity of industrial 
research increases, though their number will 
never be comparable to that of physicists or 
chemists. There is a serious lack, he says, of 
university courses for the graduate training of 
industrial mathematicians; on the other hand, 
management is becoming keenly alive to the 
importance of obtaining competent men trained 
in this field to work among their scientific 
personnel. 

The publication of Fry’s report was delayed 
for months; had he written it on the date of its 
appearance, he doubtless would have stated his 
arguments with additional vehemence. 

In the meantime there was a conviction at 
Brown University that America could not avoid 
war, that physics and engineering and the under- 
lying mathematics were bound to play a leading 
role in its prosecution, and that steps should be 
taken to strengthen one of the weakest links in 
the American scientific chain. With the support 
of the ESMDT program of the U. S. Office of 
Education and the Carnegie Corporation, a 12- 
weeks’ school was set up in the summer of 1941. 
There were 60 in attendance, the main program 
centering around such topics in mechanics as 
elasticity, fluid dynamics and partial differential 
equations of physics. In each of these subjects 
there was given the equivalent of a year’s course, 
and in addition, there were research seminars. 
The mathematical preparation of the participants 
ranged from that of a second-year graduate stu- 
dent to that of a mature investigator. 

The faculty for this and succeeding sessions 
was made up almost exclusively of men from 
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continental Europe. This is in large part due to 
the dearth of Americans trained in this field. 
Several of the great European leaders had given 
their allegiance to this country; some of them 
lent their talents to the establishment of the new 
school. In particular, Richard von Mises, the 
distinguished founder and editor of the Zeitschrift 
fiir angewandte Mathematik und Mechanik, for- 
merly Director of the Institute for Applied 
Mathematics at the University of Berlin, gave 
assistance through advice and participation in 
the instruction. 

To study the experiment of the summer of 
1941, an Evaluating Committee was appointed 
consisting of the following eminent scholars and 
administrators: Marston Morse, of the Institute 
for Advanced Study, President of the American 
Mathematical Society; Mervin J. Kelly, Re- 
search Director of the Bell Telephone Labora- 
tories; George B. Pegram, Dean of the Graduate 
School, Columbia University; Theodore von 
Karman, Director of the Aeronautics Laboratory, 
California Institute of Technology; Warren 
Weaver, Director for Natural Sciences, Rocke- 
feller Foundation. In its report the Committee 
went carefully into the historical setting of the 
present status of mathematics in America. 
Among its observations is the following: 


Thus there has been in American mathematics since 
1900 a marked tendency to emphasize pure mathe- 
matics. The success of this development is a great 
source of national strength and should be a cause for 
national pride. But it is highly unfortunate that in 
our enthusiasm for pure mathematics, we have fool- 
ishly assumed that applied mathematics is something 
less attractive and less worthy. For in the history of 
science it has universally been true that the ‘‘pure 
sciences” and the ‘‘applied sciences’’ have been vigor- 
ous and prosperous almost exactly to the degree that 
they have highly regarded each other and been con- 
cerned with each other. It is obvious that, in the long 
run, pure mathematics and applied mathematics ought 
to be in the closest relationship of mutual respect, 


parallel development, and continuously stimulating 
interaction. 


The Committee discussed methods of reaching 
the desirable objective and included as a part of 
its report the following: 


It would also clearly be advantageous, however, if a 
larger number of persons trained as mathematicians 
would become interested in engineering and other 
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problems in which their mathematical skill could be 
put to effective use. Indeed, perhaps the most effective 
way in which such mathematicians, who turn their 
attention to problems of applied mathematics, can be 
useful is in the mathematical instruction of the larger 
group of engineers and others who need to be trained 
to use mathematics with understanding, skill, and 
insight. A smaller number of applied mathematicians 
will be employed, as such, in industry and business. 
From a still smaller number we may expect new 
mathematical developments, arising out of the prac- 
tical problems on which they work. 


In discussing the means for remedying the 
present situation the Committee commented 
that it did not believe that a sufficiently prompt 
and effective improvement would result from the 
ordinary evolution of educational methods. Some- 
thing striking and forceful was required. 

The report of this Evaluating Committee 
emphasized the need for a long-range program: 
(1) to prepare teachers of mathematics in scien- 
tific and engineering schools; (2) to furnish re- 
search personnel for government agencies and for 
industry. Less than two months after the report 
was made, the blow fell at Pearl Harbor and the 
orientation of our program was_ necessarily 
shifted to a shorter range in order to aid in the 
war effort. 

During the academic year 1941-42 there were 
30 persons in residence. Some stipends were 

_ available from funds generously furnished by the 

Carnegie Corporation; instruction and research 
were continued in a more fundamental manner 
than was possible in a summer session. 

During the summer of 1942 a somewhat more 
ambitious program was attempted. One hundred 
ten students were selected and courses were 
given of three different grades, the most ele- 
mentary being designed for first-year graduate 
students who had a good background in mathe- 
matics as well as in either physics or engineering. 
For the 45 enrolled persons who possessed the 
doctorate there were advanced courses, seminars 
and research direction. 

During the present year the school has 40 
persons in residence and a number doing part- 
time work. Through the generous support of the 
ESMWT and the Carnegie Corporation, the 
high-grade program is still developing. The 
Rockefeller Foundation has supplied funds for 
fellowships which enable eight men with doctor’s 
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degrees in applied mathematics to carry on re- 
search, as well as for a considerable number of 
men with lesser preparation to participate in the 
program as students. 

For the remarks that follow I have drawn 
heavily on Fry’s report and on the unpublished 
report of the Evaluating Committee. 


Why has America Neglected Applied 
Mathematics? 


It would be difficult to trace the reasons why 
applied mathematics has not flourished in a 
country that reputedly is so practical. Un- 
doubtedly it is in part due to the influence of the 
men who around 1900 brought back from Europe 
a flaming enthusiasm for fundamental rigor in 
mathematical thinking. The early part of this 
century has been a period analogous to the Greek 
era when logic was foremost and intuition was 
thrust into the background. The great Gibbs 
had left no school to carry on his epoch-making 
investigations, and there was no outstanding 
figure in applied mathematics around whom a 
group could gather. There are institutions that 
have maintained resolutely, over a long period, 
the tradition of mathematics as applied to 
engineering, notably the University of Wisconsin 
and the Massachusetts Institute of Technology; 
and there are others now following the same 
course. But it is fair to say that pure mathematics 
has far outstripped applied mathematics in this 
great country. 

We lead the world in many fields of pure 
mathematics. Moreover, although it is probable 
that clear superiority has not been established, 
we can hold our own in such sectors of ap- 
plied mathematics as thermodynamics, electro- 
dynamics and statistics. On the other hand, the 
field that would be designated theoretical me- 
chanics by the engineer and applied mechanics by 
the mathematician has been seriously neglected. 


Relation to Adjacent Fields 


The: engineers and the engineering societies 
have not failed to note the deficiency in this 
sector and have encouraged and welcomed con- 
tributions to the field of applied mathematics. 
For example, in the American Society of Me- 
chanical Engineers there is an important Division 
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of Applied Mechanics. The various American 
journals of physics have been hospitable to many 
types of papers in applied mathematics. But the 
contributions have come chiefly from the physi- 
cist and the engineer rather than from the 
mathematician, and the time has come for the 
mathematician to assume his share in the de- 
velopment. 

Here in America there has been too often a 
lack of understanding between the engineer and 
the mathematician; each has shown impatience 
with the attitude of the other. This unfortunate 
situation is now happily in the process of rectifi- 
cation. The engineer is primarily concerned with 
the end result, the mathematician with the 
means by which the result is achieved. To be 
able to translate the engineering problem into 
terms of data that can be dealt with mathe- 
matically not only takes wide training and 
experience, but requires a special insight which 
is none too common. The number of men with 
such insight will always remain limited. We can 
increase the present number but, while many 
young men may be influenced to choose this 
career, the proportion of those who will break 
new paths through the intricate mazes of material 
is extremely limited. Nevertheless, such scientists 
must be found. 

An applied mathematician must deal with 
concrete detail instead of with abstract prin- 
ciples. His problem is set for him and he cannot 
choose the conditions imposed. He can give 
counsel and assistance to those engineers who are 
involved in practical detail; he can appraise the 
problem in terms of science; and, conversely, he 
can translate abstract language into terms easier 
for application to industry. Some mathematicians 
cannot work under these conditions at all; some 
can do so only by patience and hard work. 

The mathematical engineer (if we may be 
allowed to coin such a phrase) must be able to 
appraise experiment and decide whether the line 
of attack on an engineering problem lies in 
experiment or in mathematics or in an alternation 
or combination of these methods. His contribu- 
tion must be in those aspects of the investigation 
in which advanced mathematics can lend a hand. 

As one example cited by Fry, let us consider 
the phenomenon in wings of airplanes known as 
flutter. It is a self-excited vibration which will 
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One could multiply examples. 





throw a plane out of control and may even result 
in a breakdown of the wing itself while in flight. 
Here the problem is to make sure in the design 
that the critical speed at which flutter will occur 
is higher than any at which the craft will be flown. 
Fortunately the fundamental mathematical the- 
ory was worked out some years ago by Theo- 
dorsen so that not only can the critical speed 
be foretold, but the design may be so modified 
that flutter is impossible in the contemplated 
speed range. 

To cultivate applied mathematics is to forge 
more powerful tools for the problems that con- 
front engineers and physicists and to train 
young men to wield these tools. If we stop to 
consider this problem of cultivation, we will see 
that it is a tremendous one and that a program 
such as that inaugurated at Brown University 
can serve only as one small element in the 
solution. But an impetus is being given which, 


we hope, will in the long run have far-reaching 
effects. 


The Program 


The ideal training of an applied mathematician 
will include a good deal of physics and some high- 
grade engineering. In hismathematical repertory, 
he will have vector and tensor analysis, differ- 
ential geometry, theory of functions of a complex 


variable, theory of differential and integral equa- 


tions, orthogonal functions, calculus of varia- 
tions, and so forth. The physics courses should 
include the old-fashioned fundamentals of heat, 
sound, light and electricity; special attention 
needs to be given to mechanics in the larger 
sense. ; 
Aerodynamics draws heavily on such subjects 
as potential theory and conformal mapping; 
questions of ship design lead to problems in the 
calculus of variations; the study of gravitational 
and electric fields, as applied to prospecting for 
oil, calls for a thorough knowledge of the New- 
tonian potential and of complex variable theory; 
improving the efficiency of relays brings in the 
calculus of variations; electric circuit theory in- 
volves matrices and analysis situs; the study of 
elastic and plastic properties of materials leads 
to linear and nonlinear differential equations. 
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Originally it was intended that instruction in 
the school should extend over three years, thus 
giving a substantial training equivalent to that 
for a Ph.D. degree. One year might be spent in 
another institution or in an industry. In the 
present emergency, however, it is inevitable that 
the great bulk of the students will be in residence 
for shorter periods. 


Activities 

The activities of the school may be discussed 
under two heads—instruction and research— 
though in the present organization these are in- 
extricably knit together. The instruction is cen- 
tered in a core which may be called theoretical 
mechanics, but this is surrounded by courses in 
other fields of applied mathematics, including 
some phases of theoretical engineering. The ex- 
tensive distribution of lecture material in mimeo- 
graphed form would classify as instruction in the 
broad sense. Lectures on special topics by visiting 
specialists constitute an important feature of 
instruction, while conferences on topics of current 
research form one of the links between instruc- 
tion and investigation. On the research side, the 
papers prepared under the leadership of the staff 
could easily be classified as a part of the instruc- 
tional program. The new journal of applied 
mathematics will supplement these activities. 


Mechanics 


As I have used the term, theoretical mechanics 
includes advanced work in fluid mechanics, 
elasticity, plasticity, aerodynamics, theory of 
vibrations, theory of structures, and so forth. 
This field is of rather vast proportions and is 
growing apace. We are fortunate that some of the 
mathematical work of the Russians done during 
the past five years can be included in this in- 
struction. Remarkable people, these Russians, as 
we are learning from their many activities and 
to our immense satisfaction. 

As an example of the service being rendered 
by the school, we may cite the topic of elasticity. 
Love’s textbook was ample for its day, but new 
ideas and methods have been gradually intro- 
duced and now we have the latest developments 
from Russia. The mimeographed notes of Sokol- 
nikoff’s course in elasticity incorporate the most 


significant elements of the new material in this 
particular field. They constitute a real advance 
over any textbook now in existence, and it is 
hoped that within a year a printed edition will 
be available. The same is true also in some other 
fields of mechanics, such as nonlinear vibrations, 
where the latest advances are included in the 
material for the course. 


Related Courses 


It is the policy of the school each semester to 
give students opportunity to work in some field 
of applied mathematics that would not be classed 
as mechanics. In the summer of 1942, Doctor 
Schelkunoff, of the Bell Telephone Laboratories, 
lectured on electromagnetic waves, and these 
lectures will soon appear as a treatise. During the 
present academic year, Professor Brillouin is 
giving work on thermodynamics. An advanced 
course in geometrical optics is being contem- 
plated for next summer. Other fields are due for 
similar treatment later. 

The partial differential equations of physics 
are fundamental for much work not only in 
mechanics but in other sectors of applied mathe- 
matics. It is therefore necessary to give a broad 
and thorough course in this field. As prerequisites, 
students must have had advanced calculus and 
the theory of a complex variable. 

Since computations play an important role in 
so many of the applications, it is necessary to 
develop the theory of calculations to the point 
where an intelligent attack on a particular 
problem involving extensive computation can be 
made. A year course on numerical and graphical 
methods is now being given for the second time; 
we hope that eventually a book will be, published 
which will extend our horizon in this area. 

The school is sponsoring some courses that lean 
toward engineering. Naturally they are more 
mathematical than would normally be the case 
in a graduate school of engineering. In this con- 
nection, we may mention theory of flight, theory 
of structures with special reference to problems 
in aircraft design, and hydrodynamical theory of 
propellers. 

After recounting these divergences, it should 
be reiterated that instruction is centered around 
the various aspects of theoretical mechanics. 
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Special Lectures 


One feature of the program is the provision 
for special lectures or series of lectures. A score of 
leaders have spoken at Brown. These addresses 
include the practical aspects of the application of 
mathematics to engineering problems as well as 
the theoretical aspects; some of these addresses 
contain new material which we are publishing; 
others have been more general reviews of what 
is already in the literature. One of the features 
of the current semester is a series of 15 lectures 
on nonlinear mechanics by Friedrichs, Stoker, 
LeCorbeiller and Levinson. These contain the 
results of current research in this highly sig- 
nificant field; the lectures are being duplicated 
for distribution. In this connection, we should 
mention the cooperation of the school with Dr. 
Nicolas Minorsky of the David Taylor Model 
Basin, which will result in making available to 
mathematicians and engineers some of the very 
recent research in this field done by Russian 
mathematicians and not until now available ex- 
cept in that language. In the next semester there 
will be a series of lectures on exterior ballistics 


in which some of the recent developments will be 


presented by experts now engaged in research in 
this field. 


Mimeographed Material 


Each of the four series of lectures given in the 
summer of 1941 was put into mimeographed 
form. Without any special advertising, more than 
500 copies of each have been sold to individuals 
and libraries. Several later series of lectures have 
been made available in similar fashion. 


Research 


While the main function of the school is in- 
struction, the nature of advanced work is such 
that this must go hand in hand with research. 
There are six or eight men holding the Ph.D. 
degree now in residence in a capacity similar to 
that of National Research Fellows. Since 1941 
approximately 20 investigations have been com- 
pleted and written up; others are under way. 
There is a group of papers that are chiefly of 
theoretical interest, and another group of im- 
mediate application. Some of these papers are 


being published; others, because of their re- 
stricted character, must await the close of 
the war. 


Conferences 


From time to time, the school plans to bring 
together a group of leaders in some special field 
where research is active. In a three-day con- 
ference on nonlinear vibrations held during the 
summer of 1942 a score of persons active in this 
field came together for lectures and discussions 
which we confidently expect to result in the 
extension of the field. Some of the material 


presented at that time is to appear in published 
form. 


A New Journal 


Discussion of the need for a journal devoted 
specifically to the field of applied mathematics 
and filling the gap between purely engineering 
journals and purely mathematical ones has been 
going on for a number of years. There is little 
doubt that a properly organized publication will 
have a profound effect on the development of 
scholarship in an area that has received less 
attention than it justly deserves. That there are 
difficulties in the way of inaugurating a journal 
at this time is apparent; but on the other hand, 
attention is now focused on the importance of 
the role played by mathematics in technological 
development and many scientists will welcome 
the new venture. A publication to be known as 
Quarterly of Applied Mathematics and of a na- 
tional (and international) character is being in- 
augurated early in 1943, under the sponsorship 
of the school. Close cooperation with journals 
in related fields is assured in advance. The names 
of the editors—Dryden, Fry, von Karman, 
Prager, Sokolnikoff, Synge—are a guarantee of 
high quality; there will be a Board of Collabo- 
rators of equal distinction. 


Organization and Future 


The school is run as a separate department in 
the Graduate School of Brown University and 
has a small faculty of its own besides enlisting 
some members of the departments of mathe- 
matics and engineering. The members of the 
faculty are selected as the best persons available 
in their fields. There is an Advisory Committee 
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which helps in shaping policies, in selecting 
fellows, and so forth; this consists of Thornton 
C. Fry, of the Bell Telephone Laboratories; 
Marshall H. Stone, Chairman of the Department 
of Mathematics, Harvard University, and the 
new president of the American Mathematical 
Society; and Theodore Theodorsen, Chief of the 
Physical Research Division, National Advisory 
Committee on Aeronautics, Langley Field. 

The superb mathematical library of Brown 
University forms an excellent background for the 
instruction. The international abstract journal, 
Mathematical Reviews, is edited at the University 
and is supplemented by an extensive microfilm 
service. 

Plans for the summer program of 1943 are 
well along, and a study of the needs for subse- 
quent semesters is being made. All institutions 
face uncertain futures, but Brown University is 
wholeheartedly committed to carrying on a 
program in applied mathematics, provided the 
way can be found to continue it on a high level. 


What the Former Participants Are Doing 


Of the nearly 200 persons who have enrolled 
at one time or another in the school, 30 have 
gone into research in government agencies such 
as Langley Field, David Taylor Model Basin, 
Naval Research Laboratory, Underseas Detec- 
tion Laboratory, National Bureau of Standards, 
Watertown Arsenal; 10 are engaged in research 
in industries connected with the war; 20 others 
are continuing as engineers in industry. The re- 
mainder are instructors or students in colleges. 
Of the instructors now in other colleges, a dozen 
or more are actively engaged in research on 
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problems of applied mathematics which were 
begun at Brown University. 


Engineering Training in the Future 


In their magnificent accomplishments Ameri- 
can engineers have shown initiative and ability 
of a very high order. Insofar as mathematics 
and physics are handmaidens of engineering it 
is doubtless true, however, that much remains to 
be done in giving maximum efficiency to their 
effort. In other countries the bulk of the engi- 
neers get a year or two of scientific training 
beyond what American students get in their four 
years. The number in this country who take 
graduate work in engineering is increasing and 
doubtless will continue to-do so. At least a small 
proportion of them should specialize on the 
mathematical side. 

Some day we may expect that much better 
training in mathematics and physics will be 
given to picked groups in our high schools, thus 
affording young people opportunities for excellent 
basic training in the sciences that are already 
available in many European countries. If the 
time should come when as much attention is 
given by high school authorities to the superior 
students as is now given to the decidedly inferior, 
great progress in this direction could be made. 
Such students can then obtain a superior college 
training and. come to schools, such as the one 
we are describing, with far better preparation. 

Let us return for a moment to the questions 
posed at the beginning. Or shall I allow you, 
after patiently reading this article, to propound 
your own speculations as to cause and effect 
versus coincidence? 


RACTICALLY all basic inventions affecting naval, military and aviation 
technology have been civilian in origin (as witness the rifle with inter- 
changeable parts, the submarine, the machine gun, the tank, the airplane, 
poison gas, sound detection devices for submarines and airplanes, and most of 
the metallurgical discoveries which have affected armor and armor-piercing 
devices). The adaptation of many of these inventions to purely military purposes 
has, of course, been partly the work of civilians and partly the work of uni- 
formed specialists——EDWARD MEAD EARLE, an authority on military history, 
quoted by Marston Morse, Sci. Mo. 56, 51 (1943). 
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The Physicist in the New World 


VERN O. KNUDSEN 
University of California, Los Angeles, California 


66 HE old world is dead; the future lies with 
those who can most successfully turn 
their backs on that world and face a new one 
with understanding, courage and imagination.” 
This is the conclusion and clarion call of E. H. 
Carr’s Conditions of Peace,' a wise and scholarly 
treatise of the present world revolution, hailed 
by some reviewers as the most important book 
published in England during the past year. 

Professor Carr does not shrink from prophecy. 
Since most physicists believe in indeterminacy, 
and some are willing to extrapolate it to eco- 
nomics, politics and ethics, it seems appropriate 
to quote also the more conservative Geoffrey 
Crowther who says, in the London Economist, 
“The need is not for a break with the past but 
for a return to the native tradition of clear 
thinking and courage, of lucidity and daring, of 
bold action for moderate ends.” 

Perhaps the old world of the physicist is not 
dead, but who will question the existence of new 
and critical problems which confront the physi- 
cist of today and tomorrow? Who will question 
the need for “‘understanding, courage and imagi- 
nation,”’ for “‘daring”’ and ‘“‘bold action”’? 

We physicists have a prominent role to play 
in this changed, if not new, world. The war has 
called us from our cloistered cells and basements 
—many to the interesting and important tech- 
nological problems of research and development 
in modern warfare; and many others to the no 
less important training program in phases of 
applied physics, such as radio, electronics, 
aerodynamics, meteorology and acoustics. We 
are working today in close league with engineers 
and men of war; we are more intimately a part 
of the economic, political and military structure 
of society than ever before. Physics as a pro- 
fession is a large beneficiary of these associations; 
its prestige is improved; it receives larger public, 
if not private, subsidies for fundamental as well 
as applied research; and the relative economic 
status of the physicist is certain to improve. 


1 Published recently by Macmillan. Mr. Carr is Professor 
of International Politics, University College, Wales. 


We are getting as much as we are giving. The 
degree to which we deserve these benefits will 
depend not only, or even primarily, upon the 
extraordinary nature of our discoveries and 
inventions, but even more upon the extent to 
which we plan and guide our discoveries and 
inventions for the welfare of mankind. 

Man has failed to adjust himself to the complex 
environment derived from the relatively recent 
discoveries of physical science. It is far more im- 
portant that we assist in making the necessary 
adjustment than that we participate in making 
the environment even more complex. The 
environment undoubtedly will become increas- 
ingly complex—the impetus to discovery will 
take care of that. But the imperatively needed 
social adjustment to these discoveries will be 
furthered if we continue to foster many of the 
new associations and responsibilities the war 
has imposed upon us. This means that we must 
be devoted to the problems of human welfare 
when peace is restored as we now are to the 
urgent problems of technological warfare. 

In order to attain this worthy objective, 
physics must become more than a source of new 
mechanical technics and gadgets. It must, I be- 
lieve, contribute consciously to the science of 
value, to culture, to the art of better living. 
This is a large order. What can we do about it? 

I believe we can do a great deal. My faith in 
this belief arises largely from my experiences and 
observations in the field of acoustics. The 
Acoustical Society of America owes its existence, 
in part at least, to a divergence of views that 
existed among physicists, especially in the 
nineteen twenties. The American Physical So- 
ciety did not appear to provide a suitable en- 
vironment for the development of modern 
acoustics which then was extending into such 
fields as communications, architecture, physiol- 
ogy and music. There were divergent views even 
among those who organized and formed the 
governing policies of the Acoustical Society: 
some contended that it should be primarily a 
physics society; some that it should be an engi- 
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neering society; and others that it should en- 
compass both, keeping the fundamental and 
applied aspects of acoustics together. Fortu- 
nately, this third view prevailed. The Acoustical 
Society has enjoyed a wholesome growih; its 
interests are closely articulated with physics 
and engineering on the one hand and with the 
economic and cultural phases of society on the 
other. The Society’s governing policy of extend- 
ing its interests in many directions, and es- 
pecially in applied and cultural fields, is one 
that other branches of physics can emulate with 
much profit—it is a policy that will help make a 
broad knowledge of the methods and achieve- 
ments of physics an indispensable part of a 
liberal education. 

The American Institute of Physics has also 
been an effective agency in encouraging exten- 
sions of the various branches of physics into our 
contemporary economy and culture; this part 
of the Institute’s program, it seems to me, is 
expecially worthy of the support of all physicists. 

Academic and industrial research in many 
fields of acoustics is proceeding along lines that 


contribute to economic and cultural values. 


Architectural acoustics, atmospheric acoustics, 
the physics of normal and impaired hearing, the 
improvement of existing and design of new 


musical instruments, and the reduction of 


industrial and city noise are typical research 
projects in this category—projects to which 
many of us yearn to return as soon as our score 
with the dictators is settled. There are many 
difficult and unsolved problems associated with 
the five projects just mentioned which await 
the labor of competent physicists. Professor 
Philip Morse in his Vibration and Sound has 


furnished us a good example. Quoting his *®wn 
words, 


It is not such a far cry from auditorium acoustics to 
second quantization: yet the methods used above 
[in Morse’s book] to analyze the behavior of sound in 
rooms are quite similar to the methods Dirac used to 
predict the existence of the positron three years before 
its experimental discovery. This similarity is an inter- 
esting example of the unifying influence of theoretical 


physics. 
Morse’s contribution in this one field has thrown 
new light on the approaches to many important, 
but heretofore obscure, problems in architectural 
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acoustics, and especially those concerned with 
music rooms. The solution of such problems will 
contribute much to human welfare and, in- 
cidentally, the technics acquired, if and when 
necessary, can be made to serve the needs of war. 

The theoretical physicist applies the methods 
of second quantization to auditorium acoustics 
and, quite majestically, normal modes of vibra- 
tion, reverberation formulas and even sound 
absorption coefficients take on elegance and a 
degree of precision heretofore unknown. But 
sometimes physics works the other way as, for 
example, when the calibration of a reverberation 
room led to quantum phenomena associated with 
molecular collisions. 

The unsolved problems in the single field of 
atmospheric acoustics are sufficient—are difficult 
and important enough—to keep a dozen physi- 
cists busy and happy for the next 20 years. 
“Simple, banal stuff,’’ I can hear some physicists 
say. ‘Propagation of a wave motion in a con- 
tinuous, homogeneous, isotropic medium. Intro- 
duce determinate boundary conditions, and 
there you are.”” But you aren’t—and the medium 
is not continuous, homogeneous and isotropic; 
and the boundary conditions are simple only 
in some peoples’ heads. Rayleigh gave us a good 
start on this as on so many other problems, but 
he also recounted many anomalies, obscurities 
and mysteries which today are not understood, 
even sufficiently for the simplest technical 
applications. Let me illustrate the nature of one 
of these problems. Set up in a quiet open space 
a source of sound having a frequency of about 
8000 cycle/sec, and measure the intensity of 
that sound at a distance of about 100 m, using 
for the detector a microphone, an amplifier and 
an alternating current meter that can follow 
rapid fluctuations in the current. Even in the 
quiet calm of a windless night the intensity of 
the sound will vary quite randomly over a range 
of five- to tenfold. I mention this enigma at this 
time because if you can solve it you will have 
made a significant contribution to a technological 
problem that likely will face us in the next 
world war. And if you solve these problems in 
atmospheric acoustics, you will find equally 
enigmatic and fascinating ones in the ocean. 

But it is in the realms of hearing and of music 
that the acoustical investigator of the future can 
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make the most worthy contributions to culture. 
Fletcher, Davis, Stevens and others have pried 
into the secrets of the ear and its auditory 
apparatus, and not without success; but much 
remains to be done, especially in contributing 
toward the amelioration of impaired hearing. 
New musical instruments are evolving from 
electronic devices; ultimately they should be 
better than existing ones, and with better 
instruments there should follow better music. 
Here indeed several disciplines, including physics, 
can unite in research that offers much to intensify 
the good in man. 

There are similar problems in other fields of 
physics—in optics, in thermodynamics, in bio- 
physics, in nuclear and radiation physics—the 
solution of which would enrich living and im- 
prove the prestige of physics as a humanitarian 
profession. Among the many research projects 
in these fields which offer immediate benefits to 
mankind are electron microscopes, illumination 
of buildings, and streets and even street signs, 
the physics of normal and impaired vision, 
neuroelectricity, photosynthesis, applications of 
probability technics to nearly all fields of worthy 
scientific endeavor, including many to which 
physicists have contributed. 

I know some physicists will argue that al- 
though these research projects are vital to 
man’s welfare, they are not academically ap- 
propriate in the domain of physics research. 
They affirm that such practical projects lie in 
engineering, physiology, medicine and other 
domains outside of physics. The same objections 
are familiar to those who have worked in acous- 
tics during the past 20 years. I do not wish to 
belabor this old argument. I merely contend 
that these admittedly borderline research pro- 
jects have a better chance of successful fruition 
if the physicist participates in them than if they 
are relegated to less exact disciplines. 

The physicist in the new world should not 
shun his responsibility in economic, political and 
social matters. Perhaps he cannot solve the shift- 
ing and illusive problems of money and credit, 
but I believe he should join hands with the 
economist in the attempt. There are many 
places in municipal, state and federal adminis- 
tration where he can serve in the public interest. 
Read the building and safety code for the city 


in which you live; you probably will recognize 
the need for technical service of a type you can 
well render in revising the code and also in 
administering it. Heating, lighting, plumbing, 
plastering, new building materials, resistance to 
earthquake shock, fireproofing, soundproofing, 
electric appliances, wood preservatives (as against 
termites), waterproofing of concretes and stuccos 
and construction of air-raid shelters and alarm 
systems—these are typical matters within the 
jurisdiction of a building and safety department. 
Technological advances affecting these matters 
pose problems that call for expert handling, 
often in domains where the trained physicist is 
able to give wise counsel. Communications, 
transportation, public utilities, conservation of 
natural resources, substitute materials for rub- 
ber, tin and other essential imports, and in- 
numerable problems in modern warfare will make 
increasing bids for the services of the physicist. 
We should heed these bids, ever preparing our- 
selves for the greater public service we shall be 
called upon to perform. 

In the new world, science should assume a 
greater responsibility for the uses of her dis- 
coveries than she has done in the past. This, of 
course, will not stop evil inventions, but. if 
benevolent applications and inventions are 
actively encouraged and actually pursued by the 
discoverers, there is hope that some evil will be 
overwhelmed by the preponderance of good. 
In a world at war, or likely to be at war again in 
the next generation, we cannot ignore the appli- 
cations of our discoveries: and technics to the 
defense of country and civilization; indeed we 
should do everything possible to unite all nations 
of good will and provide this coalition with the 
inventions, instrumentalities and powers neces- 
sary to guarantee world peace. If this can be 
accomplished, we should then be able to divert 
much of our research effort from projects that 
serve the interests of war to those that de- 
liberately aim at making a better world. 

Finally, the teaching of physics—a subject 
that should be taught to all who seek a liberal 
education—is the chief responsibility of most of 
us. This teaching will be improved, I am con- 
vinced, by increasing the emphasis on the utili- 
tarian aspects of physics. For many years I 
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have followed a simple rule in selecting the the practical world, and certainly too few to be 
subject matter for the undergraduate courses I independent scholars, thoroughly trained 
have taught: the subject matter must have fundamental and applied physics. 

both disciplinary and utilitarian value or it is Physics, especially in the universities, has 
not admitted to the syllabus for the course. stayed too aloof from engineering, and engineer- 
Practical knowledge can be acquired without ing has strayed too far from physics. The war, 
sacrificing the development of mental discipline, as well as industry, has brought physics and 
which of course comes first in all good teaching. engineering into a mutually beneficial relation- 
The instructional policy of combining the prac- ship. Physicists should seek to extend and im- 
tical with the academic has borne good fruit, prove these relations, not only in the field of 
if I may judge from statements that have come __ engineering but in many other fields of contem- 
to me from many former students. One such _ porary society. The physicist today has been 
statement came from an Army officer a few drawn out of his shell into the stream of life. 
days ago. He said, ‘“You seemed to sense in the He can well heed the words of the poet Schiller, 
classroom that the ‘punk’ sitting there on the ‘“Talent develops in solitude, character in the 
front row was interested in making a living.’”’ stream of life.’ The physicist in the new world 
I believe, more than ever before, that our instruc- must be a man of high character, mindful of the 
tion in physics has suffered in that we have consequences of his discoveries; deliberately 
trained too many students to be our assistants seeking for the present those things that will 
and disciples in the university laboratories, and help win the war, and for the future those that 
too few to take important responsibilities in will contribute to a better world. 


in 


Tyndall Cone Apparatus 


SIMPLE and permanent apparatus for showing the scattering of light when it passes 
through matter in the colloidal state—commonly called the Tyndall cone effect—is a con- 
venience for the demonstrator. The source of light is a 6.3-v radio pilot lamp, operated from a 
small transformer. A small achromatic lens, such as is used in cheap motion-picture projectors, is 
mounted vertically above the lamp so as to form a convergent beam of light. The light passes 
through the bottom of a beaker or cylinder containing the material to be studied. The distances 
from lamp to lens and from lens to beaker should be adjusted until the best effect is produced. 
Once these optimum distances have been determined, a wooden box can be built to make the 
apparatus permanent. The transformer and lamp are mounted on the bottom of the box, the 
lens is supported above it in any convenient manner and a piece of window glass is mounted 
in the top of the box to support the beaker. One side of the box should be made removable, to 
facilitate adjustment or repair. 
A suitable material is starch, prepared by adding a few drops of a thin starch paste to about 
100 ml of water and stirring. Water or starch can then be added until the sharpest cone is 
obtained. A very few small drops of India ink to 100 ml of water will also serve well, as will a 


small pinch of colloidal gamboge.—H. J. ABRAHAMS AND H. J. DuBNER, J. Chem. Ed. 20, 
61-62 (1943).—J. D. E. 





The Status of Courses in Physics and of Physics Departments in Institutions 
of Higher Education—October, 1942* 


GEORGE H. 
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American Institute of Physics, New York, New York 


N October, 1942, the American Institute of 

Physics sent a questionary to the physics 
departments of approximately 700 institutions 
of higher education seeking information about 
staff effectiveness, number of degree candidates, 
and enrolment in undergraduate and graduate 
courses of instruction. The present report is 
based on the returns from this questionary and 
on data made available to the Institute by the 
National Roster of Scientific and Specialized 
Personnel, taken from its questionary circulated 
in the spring of 1942. 

The Roster survey covered all institutions of 
higher education listed in the Educational Direc- 
tory of the U. S. Office of Education. From 1547 
forms sent out, 1065 replies were received. It is 
believed that this represents very nearly com- 
plete coverage of those institutions in which 
physics is taught. The Institute sent its ques- 
tionary to all institutions, omitting junior colleges 


* Prepared for the American Institute of Physics. 


and normal schools, from which the Roster re- 
ceived a reply, and to a number of institutions 
that did not reply to the Roster inquiry but 
might be expected to make an appreciable con- 
tribution to the study. Replies were received 
from 385 colleges and universities (71.5 percent 
return), 21 professional and technological schools 
(63.5 percent return) and 69 teachers’ colleges 
(55.5 percent return). Institutions were classified 
and data tabulated by (a) type of institution, 
(b) geographic region and (c) “‘size,’’ as deter- 
mined by the enrolment in the general, intro- 
ductory college physics course. Certain data were 
also obtained separately for women’s colleges. 


INSTITUTIONAL COVERAGE OF 
INSTITUTE SURVEY 


Table I shows the distribution of returns by 
geographic region and by type and class of insti- 
tution. Geographic regions are based on the 
sections covered by various accrediting agencies, 
this being the plan followed by the Roster in its 


TABLE I. Distribution of institutions submitting data for the October,.1942 survey. 
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TaBve II. Ph.D. candidates reported to the Institute. 
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survey. Regions are defined as follows: 


Region 1—New England (New England Association of 
Colleges and Secondary Schools): Connecticut, Maine, 
Massachusetts, New Hampshire, Rhode Island, Vermont. 

Region 2—Middle Atlantic States (Middle States Asso- 
ciation of Colleges and Secondary Schools): Delaware, 
District of Columbia, Maryland, New Jersey, New York, 
Pennsylvania. 

Region 3—South Atlantic and Southern States (South- 
ern Association of Colleges and Secondary Schools): Ala- 
bama, Florida, Georgia, Kentucky, Louisiana, Mississippi, 
North Carolina, South Carolina, Tennessee, Texas, Vir- 
ginia. 

Region 4—North Central States (North Central Asso- 
ciation of Colleges and Secondary Schools): Arizona, 
Arkansas, Colorado, Illinois, Indiana, Iowa, Kansas, 
Michigan, Minnesota, Missouri, Nebraska, New Mexico, 
North Dakota, Ohio, Oklahoma, South Dakota, West 
Virginia, Wisconsin, Wyoming. 

Region 5—Pacific Coast States (Northwest Association 
of Secondary and Higher Schools): California, Idaho, 
Montana, Nevada, Oregon, Utah, Washington. 


The “‘size’’ classification used is based on the 
enrolment (1941-42) in the general college phys- 
ics course with laboratory rather than on the 
total institution enrolment for two principal 
reasons: (1) the procedure involved is fauch 
simpler, data being already at hand, and (2) 
enrolment in elementary physics was believed 
to be a better criterion for classification, since 
the study was concerned solely with physics de- 
partments and not with entire institutions, which 
include schools of commerce, education, law, and 
so forth. Although there is probably a reason- 
ably close correlation between physics enrolment 
and institution enrolment, no claim is made that 
the classification is actually based on institution 
size. Use was therefore made of the following 


1942-1943 
Wmn. 


1943-1944 No. of 
——_———— institu- 


tions 


Total Wmn. Total 
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grouping into four classes according to 1941-42 
enrolment in general college physics with labora- 
tory: 
Class Enrolment 
I 0- 39 
II 40— 79 
III 80-119 
IV 120 and over 


The grouping by type of institution follows 
that of the Educational Directory (1941-42). 
Negro institutions are included in the appropri- 
ate type groups. 

It will be seen from Table I that: (a) the 
proportion of returns is reasonably uniform for 
various sections of the country; (0) returns from 
the “larger,” class IV, institutions are propor- 
tionately larger than from other classes; and 
(c) the proportion of returns is considerably 
smaller from teachers’ colleges than from other 
groups. One is justified in concluding that while 
the returns are not entirely complete, they rep- 
resent an adequately distributed sampling. 


CANDIDATES FOR Ph.D. DEGREES 


Department heads were asked to “give the 
best possible estimate of the number of graduate 
and undergraduate majors in physics who will 
complete their courses during the periods indi- 
cated,’”’ October, 1942 to July, 1943 and July, 
1943 to July, 1944, ‘‘provided that their courses 
are not interrupted.” 

It will be seen from Table II that 47 institu- 
tions reported Ph.D. candidates as follows: ex- 
pected to finish between October, 1942 and July, 
1943, 97; expected to finish between July, 1943 
and July, 1944, 102. Six institutions known to 
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TABLE III. Number of Ph.D. degrees granted and number of candidates expected to complete degrees during various 
years at a limited number of institutions for which complete data are available. 
Data prior to 1942-43 taken from Roster survey. 
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| Degree Candidates 
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| | No. of 
Type of institution | 1942-1943 | 1943-1944 institu- 


| tions 
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Professional and technological 
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Teachers’ colleges [a os a 











TOTAL | 86 75 





TABLE IV. Total number of Ph.D. degrees granted. 


Source of data 29-30 30-31 31-32 32-33 33-34 34-35 35-36 36-37 37-38 38-39 


39-40 40-41 


Reference 1-2 89 4 113 123 «121 «150 147 + «21158 148 «165 ~ ©1148 
Roster survey 127 127 133 128 


offer the doctoral degree in physics did not re- Table IV and are shown graphically in the upper 
port; hence these data are not complete. curve of Fig. 1. In spite of the uncertainties 

It will be borne in mind that the figures ob- inherent in the 1942-43 and 1943-44 figures, 

tained are based on the assumption, specifically there can be no doubt that fewer Ph.D. degrees 
stated in the questionary, that the course of will be granted in 1943 and 1944 than were 
study of the candidate would not be interrupted. granted in immediately preceding years. 
Since this assumption is almost certainly not in 
accordance with the probable course of wartime 
events, it would appear that the data presented 
do not actually represent the number of Ph.D.’s 
which will be granted, but are more nearly the 
maximum possible number of degrees which 
could be granted in 1943 and 1944 by the report- 
ing institutions. 

A continuous record of degrees granted and 
of degree-expectancy for the period 1937-38 
through 1943-44 can be obtained for a limited 
number of institutions which replied fully to 
both the Roster and the Institute questionaries. 
Data from 36 such institutions are given in YEAR GRANTED OR EXPECTED 
Table III and in Fig. 1. A longer time range Fic. 1. Ph.D. degrees in physics granted (1930-1942) 
can be obtained by “splicing” these data, with and degree candidates (1943 and 1944): + data from refer- 


i : ences 1 and 2; O data from Institute and Roster surveys 
a suitable correction, on to those presented by “corrected” to fit data from references 1 and 2, using 3-yr 
‘roel mryt The re — oe (1938-1940) overlap period as basis for ‘“‘correction”’; 
Birget and Henry.? The results are listed in X Institute and Roster data for 36 institutions. 
1R. T. Birge, ‘On the training and prospects of the —=————— 
Ph.D. in physics,” Am. J. Phys. 9, 24 (1941). American universities (No. 1, 1933-34 et seq.; H. W. Wilson 
2E. A. Henry, ed., Doctoral dissertations accepted by Co.). 
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TABLE V. Master's degree candidates reported to the Institute. 
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TABLE VI. Number of Master’s degrees granted and number of candidates expected to complete degrees during various 
years at a limited number of institutions for which complete data are available. 
Data prior to 1942-43 from Roster survey. 


38-39 


39- 40 


40-41 


- y pe of institution 37-38 


EC olleges and universities 
Region 1 18 
2 


32 

3 E 19 

4 : ua 

5 8 6 

Total 152 
Professional and techno- 

logical schools 4 

Teachers’ colleges 


TOTAL 156 


CANDIDATES FOR MASTER’S DEGREES 


As will be seen from Table V, 87 institutions 
reported candidates for the Master’s degree as 
follows: expected to finish between October, 1942 
and July, 1943, 202; expected to finish between 
July, 1943 and July, 1944, 186. The same un- 
certainties as to the accuracy and validity of 
these estimates apply as to those concerning 
Ph.D. candidates except that the likelihood of 
finishing a Master’s degree on schedule is prob- 
ably greater than for the Ph.D. 

The 87 institutions reporting do not constitute 
all that offer Master’s degrees in physics. A com- 
parison of figures for a limited group of institu- 
tions for which a complete sequence of data is 
available with the grand totals from the Roster 


TABLE VII. Total number of masters’ degrees awarded, 
1937-38 to 1941-42. Data from Roster survey. 
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40 41 
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Total 
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survey would indicate that the data given in 
Table V represent about 85 percent of the figures 
which would have been obtained in a coverage 
as complete as that of the Roster survey. This 
places the probable total number of Master’s 
degree candidates for 1942-43 at 238 and for 
1943-44 at 220. 

No data have been found on Master’s degrees 
awarded prior to 1937-38, so a long;range com- 
parison such as was made for the Ph.D. degree 
is impossible. Table VI shows Master’s degrees 
awarded and degree candidates for a limited 
number of institutions for which a complete 
sequence of figures were available from the Ros- 
ter and Institute surveys. These data, together 
with Roster totals (Table VII) and “projected” 
Institute data are shown graphically in Fig. 2. 


CANDIDATES FOR BACHELOR’S DEGREES 


Of 500 institutions, 319, or 64 percent, listed 
physics major candidates. On the assumption 
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Fic. 2. Master’s degrees in physics granted (1938-1942) 
and degree candidates (1943 and 1944): + data from 
Roster survey; O data from Institute and Roster surveys 
“‘corrected”’ to coverage of Roster survey; X Institute and 
Roster data for a limited number of institutions. 
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that their courses will not be interrupted, the 
number of undergraduate physics majors ex- 
pected to complete the Bachelor’s degree between 
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TABLE VIII. Physics majors expected to receive the Bachelor’s degree as reported to the Institute. 


BURNHAM 


October, 1942 and July, 1943 is 1360, while the 
number expected to complete this degree be- 
tween July, 1943 and July, 1944 is 1806 (Table 
VIII). 

A comparison of figures for a limited number 
of institutions (Table IX) for which a complete 
sequence of data was available with the total 
Roster figures for the same years (Table X), 
indicates that the aforementioned totals rep- 
resent about 93 percent of the figures which 
presumably would have been obtained if the 
Institute survey coverage had been as complete 
as that of the Roster. Use of this correction 
factor gives the following figures ‘‘corrected”’ to 
the coverage of the Roster survey: October, 1942 
to July, 1943, 1460; July, 1943 to July, 1944, 
1940. 

Complete data on majors for the entire period 
1937-38 to 1943-44 are available for a limited 
number of institutions and are reported in Table 
IX and Fig. 3. From these data percentage 









































































































































Colleges and universities 527 28 555 
Prof. and tech. schools 37 0 37 
Teachers’ colleges 27 a 30 
Total 591 31 622 
Totals 
Colleges and universities 1110 79 1189 
Prof. and tech. schools 56 0 56 
Teachers’ colleges 105 10 115 
Total 1271 89 1360 
Region 1 125 13 138 
2 312 34 346 
3 175 6 181 
4 388 18 406 
3 110 8 118 
Women’s colleges 





_ No. of No. of Institu- 
institutions institu- tions 
1942-1943 1943-1944 wit tions listing 
— ——————— — ———— definite listing majors 
Class, type and region Men Wmn. Total Men Wmn. Total data majors (percent) 
Class I 
Colleges and universities 175 25 200 240 25 265 210 86 41 
Prof. and tech. schools 17 0 17 2 0 2 ‘) (2) 
Teachers’ colleges 44 7 51 59 11 70 45 14 31 
Total 236 32 268 301 36 337 255 100(102) 39 
Class II 
Colleges and universities 310 16 326 333 23 356 77 66 86 
Prof. and tech. schools — ~- — — —_ — — _ — 
Teachers’ colleges 32 0 32 57 7 64 15 10 67 
Total 342 16 358 390 30 420 92 76 82.5 
Class III 
Colleges and universities 98 10 108 138 20 158 35 32 91.5 
Prof. and tech. schools 2 0 2 2 0 2 (1) 
Teachers’ colleges 2 0 Z 2 0 2 1 1 
Total 102 10 112 142 20 162 36 33(34) 92 


764 29 793 110 104 94.5 
63 0 63 (5) 

27 4 31 7 6 86 
854 33 887 117 110(115) 94 
1475 97 1572 432 288 66.5 

67 0 67 — (8) 

145 22 167 68 31 45 
1687 119 1806 500 319(327) 64 
211 19 230 31 25 81 
413 40 453 82 58 71 
235 18 253 108 65 60 
481 17 498 181 116 64 
135 3 138 30 24 80 
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TaBLe IX. Number of undergraduate physics majors graduated and expected to graduate in a limited number of 
institutions for which complete data are available. 
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TABLE X. Total Bachelor’s degrees in physics, 
1937-38 to 1941-42. 


39-40 


1073 


38-39 
977 


1937-38 


969 


40-41 


1129 





increases may be calculated using the average 
number of majors in the two-year period 1937- 
39 as a base. This information is shown in 
Table XI and in Fig. 4. It is evident that the 
number of physics majors graduated each year 
was gradually increasing in the period prior to 
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19. 1940 1941 194 194 


YEAR GRANTED OR EXPECTED 


Fic. 3. Bachelor’s degrees in physics granted (1938- 
1942) and degree candidates (1943 and 1944): + data 
from Roster survey; O data from Institute and Roster 
surveys “‘corrected” to coverage of Roster survey; X Insti- 
tute survey totals. 


1942 and that this gain would continue, prob- 
ably at an increased rate, if the present college 
juniors and seniors were allowed to continue 
their courses. 

Other interesting information may be obtained 
from these data. The number of majors per in- 
stitution may be found and, drawing on the 
enrolment figures for the general physics course, 
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Fic. 4. Percentage change from 1938-1939 average in 
number of Bachelor’s degrees in physics granted or ex- 
pected. Data from Class I (small) and Class IV (large) 
institutions represent extremes. 
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Class, type and region 38-39 39-40 

Class I 142 +14 

II 191 —4 

Ill 72 - § 

IV 266 +21 

Total 671 +10 
Colleges and universities 

Region 1 74 + 5 

2 115 +21 

2 86 + 8 

4 262 + § 

5 44 +14 

Total 580 +9 

Teachers’ colleges 79 +14 

Women’s colleges 22:5 —7 
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TABLE XI. Percentage increase in the number of Bachelor’s degrees granted in physics and in degree candidates over 
the average number in 1937-38 and 1938-39. Data are from a limited number of institutions only. 
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40-41 41-42 42-43 43-44 
+ 6 —11 +23 + 56 
+13 +10 +38 + 73 
+17 +17 +40 + 68 
+16 +34 +68 +150 
+13 +16 +47 + 99 
+30 +17 +84 +220 
+28 +51 +97 +148 
+10 + 8 +37 + 33 
+ 2 +14 +21 a Jo 

0 —23 +70 “OP 
+12 +18 +50 +102 
+17 + 4 +25 “+ 73 
+20 + 2 +51 + 91 








the average ratio of enrolment in the general 
course to the number of majors graduated per 
year can be computed. The results are shown in 
Tables XII and XIII. Apparently in the smaller 
institutions a greater proportion of students 
taking the elementary course go on in physics 
than in larger institutions. 

The figures in the last column of Table IX 
are the percentages of institutions reporting 
which list some majors during the period 1937- 
38 to 1943-44 and are at least approximately 
indicative of the proportion of institutions offer- 
ing undergraduate physics majors. As might be 
expected the proportion is greater for large insti- 
tutions (94 percent) than for small (38 percent). 
It is higher for colleges and universities generally 
than for teachers’ colleges and lower for institu- 
tions in the South than elsewhere. 

TABLE XII. Physics majors per institution listing 


majors—1941-42. 


Class I II III IV 


Average 
£5 3.35 3.1 4.0 2.96 

Region 1 2 3 4 5 Average 
2.96 


3.8 4.0 1.8 3.0 1.9 





TABLE XIII. Average number of students enroled in the 
general college physics course for each major 
graduated—1941-42. 


Class I II III IV 


Average 
20 22 37 94 49 

Region 1 2 3 4 5 Average 
49 47 72 44 153 49 











COURSE ENROLMENTS 


The Institute questionary asked for enrol- 
ments in courses coming under 11 topic-headings 
as follows: 


(1) General college physics, without laboratory. 
(2) General college physics, with laboratory. 
(3) Mechanics. 

(4) Heat. 

(5) Sound (acoustics). 

(6) Light (optics). 

(7) Electricity and magnetism. 

(8) Electronics and ionics. 

(9) Radio and radio circuit theory. 


(10) Molecular, atomic and nuclear physics. 
(11) All others. 


— 


Courses under topics (3) through (10) were speci- 
fied as “beyond general physics.’’ It was re- 
quested that, where course titles did not coincide 
with topic headings, enrolments be listed under 
the heading most nearly descriptive of the ma- 
terial covered. This arrangement very nearly 
parallels that in the Roster questionary except 
that ‘Electronics and ionics’”’ has been added 
and ‘Molecular, atomic and nuclear physics” 
replaces ‘“‘Modern physics.’’ Because of these 
changes, comparisons between Roster and Insti- 
tute figures for these fields, and possibly for 
radio, may not be as reliable as those for other 
fields. 
CHANGES IN ENROLMENT 


By comparing Institute data for the fall ses- 
sion of the academic year 1942-43 with Roster 
data for 1941-42, changes in total enrolment 
may be noted. Since the lists of institutions rep- 
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resented in the Institute and in the Roster re- Clementery setenintalhrannti ciel 
turns differ slightly, the summation of enrolment 

for comparison purposes was necessarily limited 
to fewer institutions than listed enrolment in 
any particular course in either survey. The prac- 
tice in many institutions of offering certain 
advanced courses in alternate years also limits 
the number of institutions for which comparable 
data are available. Because of these limitations, 
percentage changes only are shown in Table XIV 
and Fig. 5 together with the number of institu- 
tions for which data were available from both 
Roster and Institute surveys. 

According to a preliminary report based on 
returns from a questionary sent out by the U. S. 
Office of Education, the total enrolment in insti- Fic. 5. Percentage change in enrolment in certain 
tutions of higher education was approximately Ygdergaduate physics courses, fall 1942 compared with 
14 percent less in October, 1942 than in October, _ the same period is also shown. 

1941. The enrolment of men students decreased 

15.5 percent; of women, 11 percent; that in reported changes of enrolment in physics courses. 
junior colleges dropped 24 percent; in teachers’ Because of the predominance of men students in 
colleges and normal schools, 21 percent; in lib- physics, the 15.5-percent decrease in male stu- 
eral arts colleges and professional schools, 11 dents may be more nearly related to the physics 
percent. These changes in over-all enrolment data than is the 14-percent figure for all students. 
form a background against which to set the While it is believed that the data on enrolment 


ENROLLMENT - PERCENT OF 1941-42 


GEN. COLL. PHYS., without lab, 


GEN.COLL. PHYS., with lab. 
(Total College Enrollment) 


ABLE XIV. Percentage changes in enrolment in undergraduate physics courses—1942 (fall term) compared with 1941-42. 
The numbers in parentheses give, for each case, the number of institutions for which comparable data were available. 


Figures in square brackets are for cases in which the number of institutions considered is less than half of the total number 
reporting some enrolment in the course. 








Colleges Prof. and Colleges and universities 
and tech. Teachers’ - 
Course Average ClassI Il lll IV universities schls. colleges Region 1 2 3 4 





General physics 
Without lab. (59) (15) ao] (5) (29) * (47) (4) (8) (6) (9) (7) (14) 
+8.5 —l1 +33 +39 +3 +9 +7 +9 —6 —2 +21 
With lab. (407) (181) (86) (29) (111) (331) (13) (28) (66) (76) (137) 
+22 +48 +38 +26 +17 +25 —1 +44 +22 +14 +23 
Advanced undergraduate 
Mechanics (94) (18) (23) (7) (46) (90) ‘ (10) (26) (17) (29) (8) 
—4.1 —21 —15 —5 —1 —3 ‘ 2 —10 +2 —? —7 +21 


- LS] La) Pe [81.2] 2 Le 


+24 +14 —20 
(4) (4) any (15) 2 (3) [ (2) (5) ?) (2) 
+7.5 —7 —11 —10 12 —33 —15 —12 +2 +5 

Light [ (6) 


(11) 9) (37) (54) (8) (14) (10) [oe] (4) 

+22 +2 +20 —10 —12.5 24 +25 —2 +8 —3 —54 
Electricity and mag- ‘ (26) (30) (18) (73) (129) (17) (26) (21) (52) (13) 
netism +5.5 -i11 +6 +15 +6 +4 —3 +17 —46 +24 +25 


Sound [ (18) (0) 
—¢ —_ 


Radio 6 |] (27) (8) (27) (66) (8) (15) [ 2) (28) (6) 
26 —37 +48 +84 +9 +33 +11 -+18 +54 +41 +19 


Molecular, atomic, and q [ 7 (22) (7) (39) (73) (6) (22) (12) (25) (8) 
nuclear physics +49 +1 —12 —J -9 +62 +25 —47 — —47 


All others (21) bey (9) [ (28) (64) [ (8) (20) (12) (21) [ (3) 
2.2 +2 +4 +55 —35 —26 —71 —10 —18 —22 —65 
Total enrolment in all 


advanced undergradu- 
ate courses f —6 +11 +28 ‘ —8 +7 
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TaBLeE XV. Enrolment in undergraduate physics courses, 
1941-42, based on 1065 replies received in inquiries 
sent to 1547 institutions by the Roster. 


Course Total enrolment 
General college physics 


Without laboratory 16,873 
With laboratory 78,460 
Advanced undergraduate 
Mechanics 3,638 
Heat 2,656 
Acoustics 1,650 
Optics 3,070 
Electricity and magnetism 5,107 
Radio 3,647 


Modern physics 2,971 


changes are, on the whole, reasonably reliable, 
certain factors which limit their accuracy should 
be mentioned: 


(i) The restriction of data, for the aforementioned 
reason, to a limited number of institutions lessens the 
accuracy since there is no proof that these institutions are 
typical of all in a particular class or region. Figures in 
square brackets in Table XIV are the ones least reliable 
on this account, the number of institutions involved in 
these cases being less than 50 percent of the total number 
reporting some enrolment in the course concerned. 

(ii) The Roster questionary asked for enrolment during 
the academic year 1941-42 whereas the Institute data are 
only for the beginning of the fall term of 1942-43. This 
will lead to discrepancies (a2) where a course was repeated 
both semesters of 1941-42 and the total enrolment for 
both semesters was reported, and (b) where the 1941-42 
figures are for the second half of a full year course, such 
figures being almost certainly lower than for the first 
semester of the course. 


Whether a particular percentage change is sig- 
nificant or not depends on how large a ‘‘random”’ 
yearly fluctuation in enrolment may be expected 
under “normal” conditions. This obviously is a 
function of the number of institutions involved, 
tending to be smaller for a large group of insti- 
tutions than for a small group. This considera- 
tion will certainly limit the significance of the 
change in any one course, class or region. With 
this limitation in mind, the following summary 
would seem to represent adequately the signifi- 
cant changes in enrolment: 


(1) Enrolment in general college physics both 
with and without laboratory work has increased, 
the latter considerably more than the former. 

(2) In the case of general college physics with 
laboratory, the variation of increase with region 


GEORGE 8H. 





BURNHAM 





and with class of institution is of interest. The 
increase in enrolment is largest in the smaller 
institutions. It is larger in the New England 
and Pacific Coast areas than elsewhere and is 
smallest in southern colleges. 

(3) The total enrolment in all advanced under- 
graduate courses has decreased slightly but not 
as much as has the total college enrolment during 
the same period. 

(4) Enrolments in heat, in electricity and 
magnetism and in radio have increased by sig- 
nificant amounts, the increase being most notable 
in radio. 

(5) Wide variations in enrolment changes 
occur among different geographic regions and 
classes of institutions some of which are undoubt- 
edly real (note, for example, the regional distri- 
bution of changes in enrolment in electricity and 
magnetism) and for which there is no obvious 
explanation. 

(6) Various courses show decreases in total 
enrolment but, in general, these are less than 
the reported drop in college enrolment. It would 
thus seem that enrolment in physics courses has 
gained perceptibly with respect to college popu- 
lation. 

(7) No data were available on changes in 
enrolment in graduate courses, since the Roster 
survey did not request this information. 


TOTAL ENROLMENT IN UNDERGRADUATE 
COURSES 


Table XV shows the enrolment during the 
year 1941-42 in undergraduate courses in the 
1065 colleges, universities, professional and tech- 
nological schools, teachers’ colleges, junior col- 
leges and normal schools supplying information 
to the Roster. 

In Table XVI the Institute survey of total 
enrolment as of October, 1942 in undergraduate 
courses in the 476 colleges, universities, pro- 
fessional and technological schools, and teachers’ 
colleges is broken down by region and by class 
and type of institution. The number of institu- 
tions offering each course is also given. These 
data, because of the different coverage, are not to be 
compared directly with those of Table XV. 

Table XVII shows the percentage of reporting 
institutions offering each course in the fall semes- 
ter of the 1942-43 academic year. Table XVIII 
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‘TABLE XVI. Total enrolment in undergraduate physics courses and the number of institutions offering each (figures in 
parentheses) as of October, 1942 in 476 institutions. The data are not directly comparable with those of Table XV. 





Class Colleges Prof.and 


and tech. Teachers’ 
Total II universities  schls. colleges Region 1 2 3 4 


General physics : 
Without lab. (104) (29) (22) (9) (44) (83) (7) (14) 
8016 754 713 1108 5411 6774 858 384 


(95) (35) (134) (377) 
6919 4036 50504 59674 


Colleges and universities 





Course 


(8) 


(16) (30) (13) 
1356 1239 1807 1091 


With lab. (465) (201) (21) 
5941 


(67) 
4611 


3115 


(29) 


(155) 
5374 


20633 


(75) (27) 
14113 7800 
{dvanced undergraduate 


Mechanics (35) 


302 


(41) 
372 


(33) 
286 


(14) 
244 


(65) 


(142) (6) 
1685 


2086 404 
(6) 
211 


(4) 
129 


(4) 


217 


(7) 
113 


(12) 
225 


(8) 
80 


(4) 
31 


(33) 


(55) 
865 


200 


(40) 
357 


(9) 
102 


(19) (37) 
213 3 


(14) 
140 


(8) 
90 


(4) 
58 


Heat (19) 


124 


(11) 
131 


(49) 
1010 


(99) 


(25) 
1284 


525 
(7) 
61 


(7) 
56 
Sound (4) 


(24) 
61 


393 
(53) 
909 


(8) (33) (4) (9) 
44 356 64 104 


Light (26) 


150 


(22) 


(97) 
191 


1091 


(7) 
61 


(10) 
145 


(23) 


325 


(37) 
780 


(8) 


336 72 


(16) 
239 


(8) 
99 


(9) 
137 


330 | 


(9) 
129 


(14) 
304 


Electricity and mag- 


(49) 
netism 


406 


(51) 
500 


(95) 
2521 


(193) 
3169 


(10) 
500 


(13) 
69 


(3) 
23 


(11) 
187 


[3805] [Soe] [eto 


(37) (82) 
584 1202 
Electronics and 


(14) 
ionics 


138 


(31) 
468 
* 
606 


(27) 
201 


(8) 
59 


(43) 


779 


(38) 
671 


(59) 
864 


(112) 
2031 


(6) 


(6) 
162 


112 


(13) 
176 
(19) 
288 | 


(7) 
105 


(17) 
127 


(9) 
168 


(28) 
474 


(‘22 ] 


(32) 
413 


(10) 
114 


(25) 
37 


(43) 
896 


1367 | 


Radio and radio 


d (45) 
circuit theory 


873 


[154] 


(45) 
682 


(8) 


(19) 
342 


348 


[‘62] 


(20) 
123 


(23) 
454 


(51) 


{Radio+electronics] [ (199) = 


3609 


Molecular, atomic and 
nuclear physics 


All others 


(110) 


(28) 
1197 


218 


(38) 
659 


(103) 
1097 


(2) (5) 


58 42 


(4) (7) 
191 111 


(35) 
327 
(148) 


(59) 
3066 


(37) 
404 1827 


(137) (34) (49) 
2764 1007 872 
Total enrolment in all 

advanced undergradu- 


ate courses 








shows the average enrolment per institution in 


ment are the same for institutions not included 
various courses. 


in the Institute survey as for those included for 


Estimates of total current enrolment in the 
institutional group represented in the Roster 
survey might be made by applying the change 
in enrolment data given above to the Roster 
totals for last year. Such a procedure would 
involve the assumption that changes in enrol- 


which comparative figures were available. Since 
it is felt that this assumption is not justified 
because of the different nature of the two groups, 
no attempt at ‘‘correction’’ has been made. 
Table XIX shows the ratio of students per 
institution in the general course to students in 


TABLE XVII. Percentage of reporting institutions in which some enrolment in various undergraduate courées is listed. 








Course 


General physics 


Without laboratory 
With laboratory 


Advanced undergraduate 
Mechanics 
Heat 
Sound 
Light 
Electricity and magnetism 
Electronics and ionics 
Radio and radio circuit theory 
Molecular, atomic and nuclear physics 





See ??0€0—OO SSS 5535355353 eee 


Average III IV 


23 
98 


25 33 


33 
24 
8.5 
23 
45 
14 
ZU 
23 


Colleges 


and 


universities 


215 
98 


37 
26 
8.5 
25 
50 
15 
29 
27 


Prof. and 
tech. 
schls. 


32 
95 


27 
27 
18 
18 
45 
27 
36 

9 


Teachers’ 
colleges 


20 
96 


10 
10 
6 
10 
19 
4 
16 
7 





88 GEORGE H. 


TABLE XVIII. Average enrolment per institution in 
physics courses—October, 1942. 


All Class 
institu- 


Course tions IfI IV 








General physics 


Without lab. 77 3 123 123 
With lab. 29.5 Z 115 377 


Advanced under- 
graduate 


Mechanics 

Heat 

Sound 

Light 

Electricity and 
magnetism 

Electronics and 
ionics 

Radio and radio 
circuit theory 

Molecular, atomic 
and nuclear 
physics 

Weighted average 
of all advanced 
undergraduate 


courses 15.5 





TABLE XIX. Average number of students (per institution) 
in general physics with laboratory per student 
in advanced undergraduate courses. 








All institutions I 








advanced undergraduate courses. Similarities be- 
tween the data in this table and those in Table 
XIII will be noted. 


TEACHING STAFF 


In the Institute survey, department heads 
were asked to ‘‘give a thoughtful estimate of the 
teaching effectiveness of the physics staff, taking 
into account (1) the number of individual teach- 


BURNHAM 


TABLE XX. Percentage effectiveness of October, 1942 
teaching staff compared with that of 
May, 1942. 





Class 


_ 
a 
‘ 


Region II Average 


105 

96 

96.5 99 74 
100 


00 00 6 0 CO 
amu 


82.5 
Average 99 94 86 


© 
Oo 


90.5 


TABLE XXI. Percentage effectiveness of October, 1942 
teaching staff compared with that of 
‘pre-war normal” times. 








Class 
Region 


— 


2 
3 
4 
5 


Average 








ers, (2) the fraction of their time devoted to 
physics training and (3) the general ability of 
these individuals as teachers: (a) as a rough 
percentage of the corresponding status on May 1, 
1942; (6) as a rough percentage of correspond- 
ing ‘pre-war normal’ status, for example, Fall 
1939-40.”’ The replies of each department were 
weighted by multiplying by the number of staff 
members listed for that institution in the Roster 
survey, and averages were found by regions and 
by “‘size’’ classes. Averages were made only for 
colleges and universities since the number of 
usable replies from the other types of institutions 
was too small to give a significant result. Re- 
sults are shown in Tables XX and XXI. 


HE sense of uselessness is the severest shock which the human system can 
sustain.—THOMAS HENRY HUXLEY. 





George Walter Stewart 


Recipient of the 1942 Oersted Medal 
for Notable Contributions to the 
Teaching of Physics 


The American Association of Physics Teachers has made the seventh of its annual awards for notable 
contributions to the teaching of physics to Professor George Walter Stewart, of the State University of Iowa. 
The addresses of recommendation and presentation were made by Professor A. G. Worthing and Professor 
A. A. Knowlton, on January 22, 1943, during the twelfth annual meeting of the Association. 


George Walter Stewart, Nominee for the 1942 Oersted Award 


A. G. WoRTHING 
University of Pittsburgh, Pittsburgh, Pennsylvania 


EORGE W. STEWART, in A letter from 

father to son on youth and higher education,' 
charges college and university teachers of physits 
with a grievous, albeit unintentional, failure. He 
says, “Our college graduates do not acquire an 
adequate amount of self-confidence in the pos- 
sibility of their achievements, each one at his 
own level of attainment. Concomitantly, there is 
quite too much of defeatism, of flabbiness of 
character, and of the absence of the spirit of 
fight and of the willingness to strive against 
odds.”’ For this failure on our part he presents 


1Sch. and Soc. 53, 234 (1941). 


oe 


. at least three reasons why higher education 
does not contribute more to the self-confidence 
of the student.” (i) At graduation “he has 
become saturated with respect for the great 
masters in all fields.” (ii) ‘““We educators . . 

infer that only the very unusual or the extra- 
ordinary person does anything creative that is 
of any consequence.”’ (iii) ‘“We allow students to 
believe too definitely that great ideas, when they 
occur to man, come quickly into being, and that 
if one has only a wee, little but new idea in his 
own environment, he really hasn’t anything 
worth cultivating.’’ Founded on the experience 
of many years as a teacher, research worker and 











department head, these words suggest a guid- 
ing principal—that of encouragement for the 
beginning creative efforts of students—which 
explains in no small way why we honor their 
author here today. 

GEORGE WALTER STEWART was born in St. 
Louis, Missouri, February 22, 1876. He was 
granted a bachelor’s degree by DePauw Univer- 
sity in 1898 and a doctor of philosophy degree by 
Cornell University in 1901. Later he was awarded 
honorary degrees of doctor of science by DePauw 
and the University of Pittsburgh. He served as 
an assistant and an instructor in physics at 
Cornell from 1899 to 1903. From 1903 to 1909 
he was in charge of physics at the University of 
North Dakota. In 1909 he was made professor 
of physics and head of the department at the 
University of Iowa, positions which he has held 
continuously since that time. He is a member of 
many scientific societies, including that most 
distinguished one, the National Academy of 
Sciences. Two of them—the Society of Sigma Xi 
and the American Physical Society—he has 
served in the capacity of president. 

His publications fall into four rather distinct 
groups. Up to 1942, there were 33 journal 
articles, largely research, dealing with acoustics, 
29 journal articles, also largely research, deal- 
ing with x-rays, 22 miscellaneous journal ar- 
ticles, most of which deal with the problems 
and ideals of the teacher of science, and two 
books, one jointly with Proressor R. B. Linp- 
sAY, both relating to acoustics. To the activi- 
ties represented by the foregoing, we may add 
that he was connected with vital research prob- 
lems in acoustics during the first World War, 
that he was acting dean of the graduate school 
of the University of Iowa for two years, that he 
campaigned and was largely responsible for the 
establishment of the School of Religion at his 
institution, that he established and has been a 
moving spirit in the highly successful conference 
of physics teachers known as the Iowa Collo- 
quium of College Physicists, and that, as the most 
important of his activities by far, he has been 
the teacher to whom many younger physicists 
may refer with pride as their professor of physics. 

PROFESSOR STEWART seems to have had a 
particular appeal for the mature students. Up to 
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the present, 65 doctor’s degrees have been 
awarded from the department. That this greater 
appeal to the advanced student is perhaps natural 
has been suggested by DEAN HoMER L. DopnGe, 
the first man to work out a Ph.D. degree with 
STEWART. Speaking on the occasion of the pre- 
sentation of a portrait of PROFESSOR STEWART 


to the University of Iowa in 1938, DEAN DopGE 
said: 


With students, as with himself, he was exacting. 
He lived and taught devotion to the job, the burying 
of oneself in the objective. Some students were 
restive under this rigid spiritual discipline, but all 
profited by it as students and in after years. I use 
the word “spiritual” advisedly, for I believe that we 
have all recognized that Professor Stewart was 
devoted to physics as if it were a god to be worshipped 
and to be served. 


This same idea of devotion to physics on the part 
of PROFESSOR STEWART runs through the com- 
ments of other physicists who have been closely 
associated with him. 

Another characteristic of Stewart is described 
by the single word “pride.’’ According to 
LIEUTENANT H. R. LETNER, “he takes great 
pride in himself, his home-and his physics de- 
partment. He is a model of personal neatness, a 
fact to which his secretary often used to draw 
my attention.”” A similar comment is made by 
PRESIDENT SIEG of the University of Washing- 
ton, the first of the 65 to gain doctorates at 
Iowa after Stewart’s arrival and who continued 
for many years as a member of its physics staff: 


The first thing I remember about him was his 
insistence on good apparatus for lecture demonstra- 
tions, and, particularly, neat apparatus. I remember 
that in my lectures I used to assemble extemporary 
apparatus by the use of waste baskets, boxes, and all 
kinds of odds and ends. He, characteristically, substi- 
tuted a series of neat black blocks of different sizes, 
which had the effect of increasing the students’ regard 
for the substantial nature of physics. 


Still another outstanding characteristic of 
PROFESSOR STEWART is his tendency to go to the 
bottom of things. Mr. Rurus FITZGERALD, a 
close associate in religious and fine arts activities 
at Iowa for several years, now Vice Chancellor 
of the University of Pittsburgh, tells of his 
‘“‘pumping”’ questions which were addressed not 
only to his associates at the University but also 
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on occasions to guests at dinner parties, some- 
times to the embarrassment of the hostess. This 
process of pumping he apparently applied to 
himself as well. One associate has said, referring, 
it is true, to the construction of his very lovely 
home and the reasons for its various features, ‘‘I 
doubt if there was a single feature for which he 
had not rationalized a scientific reason.’’ I recall 
such a pumping which I personally experienced 
several years since when at the Nela Research 
Laboratory. More than on the occasion of any 
other questioning by visitors during my 15 years’ 
stay at that institution, I was forced to go down 
to the basic foundation of things. 

In the plans for the library in his department 
at the University of lowa, PROFESSOR STEWART 
left space for a large mural which should depict 
in a broad way the contribution of physics as an 
“aid to the happiness, peace and prosperity of 
the people.” Eventually a mural entitled 
‘Physics and Society,’ executed as planned by 
STEWART, was completed in 1939 and dedicated 
to the memory of Doctor E. O. DIETERICH, the 
first of Iowa’s Ph.D.’s in physics to die. The 
mural pictures certain significant changes of 
attitude toward the forces of nature that have 
come about since the time of primitive man, and 
the present scientific approach so characteristic 
of physics. A climbing figure in contemplative 
attitude suggests ‘‘man’s realization that his 
present situation represents less a conquest com- 
pleted than a struggle well begun.’ With this 
mural and its story of accomplishment and of 
promise for the future before him in his hours of 
study, what student of physics would not develop 
a pride in the accomplishments of his chosen 
field and resolve to further its aims? 

These characteristics of leadership in the 
development of physics, personality, thorough- 
ness and pride do not suffice by themselves to 
make a great teacher of physics. One must have 
for his procedures guiding principles that appeal 
to the earnest and thoughtful student. One such 
principle is suggested by the criticism in the 
aforementioned letter from a father to a son, 
already quoted: ‘“‘We allow students to believe 
that if one has only a wee little but new idea in 


?From a description by the artist, Richard F. Gates, 
Am. J. Phys. 7, 319 (1939). 
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his own environment, he really hasn’t anything 
worth cultivating.”’ To the proposition which is 
implied—that students should have the oppor- 
tunity to create and to develop their ideas—we 
all give hearty assent, but how many of us have 
preached and practiced accordingly? PROFESSOR 
STEWART asks the question, “Shall the class 
forsake this book of information, no matter how 
excellent it may be, and do a little individual and 
independent work?” and he answers, “It is not 
easy for a teacher to give a secondary place to 
knowledge . . . though he evidently should.” 
Elsewhere® he has said, ‘‘More is demanded of 
the teacher than mere learning and good routine 
teaching ability. We must have men and women 
who are naturally aggressive, forward-looking, 
creative individuals. . . .’”” We have, I believe, 
thought too much of supplying interesting in- 
formation and too little of our opportunities in 
assisting in the growth of the human mind. 

The idea of encouraging the exercise of creative 
ability has been taken outside the classroom by 
PROFESSOR STEWART, to the summer Colloquium 
of College Physicists. To its meetings, physics 
teachers have been especially invited to bring 
their own new creations in the way of apparatus 
and teaching methods. How we have responded 
to this invitation is indicated by the enrolment 
for the 1941 session. The total was 117, with 
representatives from 84 institutions in 22 states 
—very significant testimony on the value of the 
appeal to creativeness as a guiding principle. 

Mr. President, in presenting GEORGE WALTER 
STEWART as the 1942 candidate for the Oersted 
Medal, your committee on awards wishes to call 
particular attention to his insistence on thorough- 
ness in the treatment of subject matter, to his 
searching ways, to his emphasis among students 
of the belief that physics has a highly important 
place in civilization, to his establishment of 
summer conferences for physics teachers, to his 
many discussions of the problems of physics 
teaching and, lastly, to his advocating and 
applying the guiding principle that the student 
of physics shall have opportunity to create in his 
chosen field. As a teacher and as a man he is 
worthy to be listed with those who have already 
been awarded Oersted medals. . 


3 Sch. and Soc. 38, 341 (1933). 





Presentation of Award by Professor A. A. Knowlton 


The group of physicists is a small, and as I 
think, a very select company. The achievements 
and even the intimate personal characteristics 
of every man long in the service are well known 
to his fellows. I venture to suggest that this 
intimate acquaintance of one physicist with 
another makes the award of the Oersted Medal 
an occasion of particular significance. It is a 
time when in formal manner we may tell one 
of our fellows that we appreciate the good will, 


the good fellowship, the good work and the 
inspiring leadership for which we have long been 
accustomed to look to him. In so doing we make 
formal recognition of the honor and dignity 
and worth that he has added to our profession. 

PROFESSOR STEWART, it is my great privilege 
as well as my personal pleasure to be the agent 
in transmitting to you the Oersted Medal of the 


American Association of Physics Teachers for 
1942. 


Teaching of Tomorrow 


G. W. STEWART 
State University of Iowa, Iowa City, Iowa 


OSTWAR planning is now seriously active in 
various agencies of our government. Today 
our colleges and universities are busily adjusting 
their facilities to new Army and Navy require- 
ments. Tomorrow postwar changes will become 
of paramount importance to educators. What- 
ever may be the readjustments finally made at 
this institution or at that, certainly the attitude 
of physics teachers can become a great leavening 
influence directing the long-range purpose of edu- 
cation and giving it a more appropriate spirit. 
We have a chance that should be emphasized. 
At the conclusion of peace we as a people will 
become engaged in two struggles, one assisting in 
the gradual establishment of a better civilization 
in all countries of the world, and the other pre- 
venting, so far as possible, the economic storms 
that might otherwise occur in our own country. 
Neither physics nor the teaching of it can have a 
very direct influence in solving either of these 
problems of society. But I would assume it to 
be our duty to ascertain what service we are 
competent to render, be it great or small, and 


then to accept that obligation seriously. To this 
end, acting under space limitation, but one ques- 
tion will be put and answered. Wherein is our 
chance, as teachers of physics, to make contribu- 
tions to the kind of civilization that we may 
envisage for our own country? 

At once you will think of the possibilities of 
many applications of science, and of physics in 
particular, that result in a benefit to the entire 
people. Tempting as may be the vision of the 
stream of ingenious physicists coming out of our 
laboratories and ultimately doing much for the 
health, comfort and happiness of mankind, it is 
well to emphasize an opportunity for the teaching 
of physics that is less obvious but that deserves 
serious attention. I refer to certain attitudes of 
the teacher, which, while not lessening his zeal in 
the training of physicists, nevertheless have a 
broader significance. With seven million college 
graduates living in this country at the close of 
the war, and a larger proportion in the years to 
come, the possible influence of education in our 
future civilization challenges the imagination. 
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Of course education will be influential in develop- 
ing leadership among our people, but if the 
attitude of teachers is right we can, without sub- 
tracting from our effort in this direction, do 
much for the education of all, even those who do 
not come within our classrooms. 

What are we wishing for society in this 
country? I venture that a poll of the American 
Association of Physics Teachers would show the 
majority in favor of the following trends: less 
contrast between the extremes of riches and 
poverty, less geographical concentration of in- 
dustry and of population, a wider diversity of 
the labors of the people, with a better balance 
between manufacturing and agriculture in the 
same community, less hunger, with starvation 
never facing anyone, less illiteracy, better hous- 
ing, improved medical care, and numerous other 
changes in conditions that will occur to anyone. 
But do you realize that in this country today 
there are regions that conform closely to this 
pattern? Why is not more said of them? For the 
reason that they are not eminently satisfactory. 
A youth in Iowa, for example, may tell you, if 
he is thoughtful, that the evenness of life in that 
state does not fire his imagination. He finds it 
somewhat humdrum. Evidently in altering our 
civilization in the direction of a more regulated 
economy, of a limitation, through taxation, of the 
accumulation of wealth, of better care of the 
people, of greater security, we are introducing 
more and more obstacles to the cultivation of 
initiative, to the inspiration of our youth to 
become creative and to rise as far above the 
general level of attainment as native ability will 
permit. Of this the education of tomorrow must 
take cognizance in a positive manner. Physics 
has the chance to be particularly valuable in 
enabling youth to escape the bonds of mediocrity. 

By the time one comes to college he has had 
twelve years of formal schooling. His reasoning 
power, his breadth of view and his knowledge 
have all been increased during this period. Shall 
we continue his education with the same em- 
phasis? In the light of what has been said, should 
not the student more definitely have his dormant 
creativeness aroused? 

The graduate departments of physics in our 
country have never taught that there is only one 


kind of creativeness in physics that is worth 
while, namely, the type of research that is re- 
quired for the Ph.D. degree in science. On the 
contrary, those who conduct graduate training 
know that it is the existence of the creative 
activity of the teacher which is worth while, and 
not the form which it takes. My own professor 
of physics in a Liberal Arts college never engaged 
in a piece of research in his entire career, but he 
had the good judgment to encourage his own 
creativeness in the design and construction of 
new forms of apparatus. His students could not 
fail to observe that for him there was something 
living in the subject. This impressed us far more 
than any exhortation could possibly have done. 

Now no one can fail to see that creativeness 
enters into every nook and corner of life and that 
each individual has a detectable measure of 
creative ability. If youth is to rise above the 
median level in an almost monotonous and un- 
inspiring evenness of life, each individual must 
exhibit creativeness at his own level of attain- 
ment. And what is our part? Physics is rich in 
creative opportunity, far richer than nonscien- 
tific subjects in the curriculum. It is a field that 
is constantly growing, constantly changing in its 
concepts and applications. New devices, new 
methods and new improvements in the effective- 
ness of the laboratory are constantly needed. In 
the classroom not only can the teacher apply his 
ingenuity, but he can also lead the students to 
do so. We teachers must constantly remind our- 
selves that we are not to hold fast to tradition, 
that we should not allow ourselves to fit the 
groove which our time schedule, our finances and 
teaching hours seem to make for us. It is our 
struggle to get out of the bonds of mediocrity 
that will inspire our students to do likewise. 

If in any community one will examine the life 
of a successful man, he will likely find that this 
successful individual has depended upon just 
this type of struggle, upon taking two and two 
and obtaining something besides four. What I 
am saying now is not intended to point the way 
to the achievement of the greater personal 
success which will inevitably ensue. It is to 
bring out clearly an obligation to the society of 
the future through our personal emphasis upon 


creativeness. We can do this through the student 
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by individual encouragement, and we can do it 
also by example. 

Let none deny that the opportunity for crea- 
tiveness exists in every teaching position, no 
matter how meager the equipment or how heavy 
the teaching schedule. Usually many inconse- 
quential things occupy one’s time. They should 
make way for efforts of greater importance. The 
determination to neglect the unimportant seems 
almost mysteriously to amplify the length of the 
day. A number of years ago, under the auspices of 
the National Research Council, I visited 60 col- 
leges in the Middle West in the interest of the 
“gifted student.’’ In each institution I naturally 
was taken to the physical laboratory and there 
found what the professor of physics had upper- 
most in his mind. I must acknowledge that I was 
surprised and almost shocked at the too general 
absence of a fighting creative spirit. In all but a 
relatively few colleges the professor had finally 
succumbed to the limitations of his environment. 
Doubtless today, because of the efforts of the 
Association of Physics Teachers, the conditions 
are much better. Let us hope that a consideration 
of the need of future society for the inspiration 
of a creative atmosphere will give new motivation 
to all teachers of physics, those in the one-man 
departments and those in our largest universities. 

But a few further suggestions should be made 
to give a better picture of the attitude in physics 
teaching here emphasized. Space permits only 
two remarks. The attitude of the laboratory I 
have described would not be well-rounded unless 
the self-confidence of the student is increased 
through his own activity. He should be en- 
couraged to do something with his physics. He 
should use it. The teacher can find the way, and 
in so doing he will arouse the interest and self- 
confidence of all the students, including the 
ablest as well as the mediocre. I have been told 
by more than one teacher of physics that though 
he desired to be more creative, yet he did not seem 
to think of new ideas. In this assumption he 
deceived himself. The truth is, new ideas literally 
jump into the mind of each one every day. They 
seem to have their origin partly in the fact that 
one day does differ from another. The detail of 
the environment and the course of one’s thoughts 
change. If there are but very few ideas present 
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at any moment, this can be explained only by 
the fact that each one of them has such a short 
life. They are habitually dismissed so rapidly 
that no impression of them remains. It is true 
that most of these ideas are practically worth- 
less, but the habit of dismissal will dull the per- 
ception and lessen any possible effort in sepa- 
rating the sheep from the goats. The time re- 
quired for an occasional embryonically good idea 
to grow into one that is recognized as certainly 
worth while will differ with the individual. It is 
important to remember constantly that ideas 
must be cultivated until they show whether they 
are good or not. This growth requires time even 
in the mind of a genius. Other folk can ill afford 
to dismiss ideas so readily. Admittedly the soil 
for growth differs with the individual, but it is 
to be insisted that good ideas can be cultivated 
in the mind of anyone. The teacher of physics 
must keep his self-confidence and give time for 
the active cultivation of helpful ideas. 

I have often noticed that teachers can scarcely 
lay aside the robes of instruction even in social 
conversation. The present occasion has evidently 
induced me to retain the role of teacher and to 
attempt to make certain suggestions for the 
future. Whether or not I have in this brief space 
been convincing, at least the effort has been 
made to speak of activities and attitudes that 
can and should strongly influence the education 
of the future. I have spoken not of special skills 
which are only meagerly transferable. One may 
have confidence that the transfer of the habits 
and attitudes here mentioned can be made from 
physics to other problems of life. For example, 
a determined attitude toward creativeness at 
one’s own level of attainment will lead to eco- 
nomic security in any walk of life. I need not 
further emphasize the importance of these three 
aspects of teaching—an atmosphere of creative- 
ness, the development in the student of self- 
confidence, and alertness to cultivate ideas on 
the part of both teacher and student. Yes, I have 
been speaking of education of the future without 
mentioning any details of curriculums and 
courses. The spirit that must be emphasized 
should transcend in importance any details. 
There may be many ways of arranging details; 


_ the spirit is basic. Educators must encourage and 
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emphasize an adequate spirit in the education of 
tomorrow. This spirit cannot be the old one 
which was adequate for a pioneer day. It must 
be a changed one. I have attempted to show that 
this can be obtained by a new emphasis clearly 
seen, well understood and devotedly practiced. 
What has been urged will not appear visionary 
to one who believes in the efficacy of education. 


. 


Physics teaching has a great opportunity in the 
education of the future, not so much in the 
numbers of students it can touch directly as in 
the quality of its service in leavening the entire 
process of education. I wish the American Associ- 
ation of Physics Teachers every success in its 
future efforts to make the teaching of physics 
even more useful to society. 


Newton and the Law of Gravitation 


R. J. STEPHENSON 
Ryerson Physical Laboratory, University of Chicago, Chicago, Illinois 


ee Christmas day, 1942, was the three- 
hundredth anniversary of the birth of 
Newton it may not be amiss to add another 
article to the interesting one published in the 
December issue of the Journal.! During Newton’s 
boyhood and youth he seems to have given rela- 
tively little sign of the genius that was definitely 
in evidence by his twenty-third year. Owing to 
the plague much of the following two years, 
1665 and 1666, was spent away from the Uni- 
versity of Cambridge, in his country home in 
Lincolnshire. It is probably not an exaggeration 
to say that his mental achievements at this time 
surpassed those of any other scientist. However, 
these achievements were not known to the out- 
side world until many years later because of 
that curious secretiveness characteristic of him. 
It was during these two years that he began his 
investigations on gravity, fluxions (calculus) and 
the composition of light. 

So far as is known there is extant no manu- 
script of Newton’s pertaining to gravitation 


1 Metzdorf, ‘‘Sir Isaac Newton,’’ Am. J. Phys. 10, 293 
(1942). For those interested in the life of Newton, J. W. N. 
Sullivan’s Isaac Newton (Macmillan, 1938) is recom- 
mended. L. W. Taylor’s Physics, the pioneer science 
(Houghton, Mifflin) also contains much interesting ma- 
terial on the law of gravitation as well as on other im- 
portant discoveries and should find a place in the library 
of all physics teachers. 


that was written in this period. There are, how- 
ever, several lines of evidence which make it 
highly probable that he was then considering 


the problem of gravitation. He wrote two letters 
in 1686 which allude to his early work on this 
subject,? and there is a statement written by 
him about 1714 that was found in 1887 by the 
astronomer J. C. Adams in the ‘Portsmouth 
Collection” of Newton’s papers. Though it has 
been shown that this statement was written by 
Newton, as Ball says,* ‘‘the original is cancelled 
and hence it is not indisputable evidence; but it 
is believed that, except for certain dates, it is 
substantially correct.’ The portion* of the 
memorandum pertaining to gravity is as follows: 


And the same year [1665 or 1666] I began to think 
of gravity extending to y® orb of the Moon, and having 
found out how to estimate the force with w* [a] 
globe revolving within a sphere presses the surface of 
the sphere, from Kepler’s Rule of the periodical times 
of the Planets being in a sesquialterate proportion of 
their distances from the centers of their Orbs I deduced 
that the forces w°» keep the Planets in their Orbs 
must [be] reciprocally as the squares of their distances 
from the centers about w°" they revolve: and thereby 
compared the force requisite to keep the Moon in her 
Orb with the force of gravity at the surface of the 


2W.W. R. Ball, An essay on Newton's Principia (Mac- 
millan, 1893), pp. 156, 162. 
3 Reference 2, p. 7. 
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earth, and found them answer pretty nearly. All this 
was in the two plague years of 1665 and 1666, for in 
those days I was in the prime of my age for invention, 
and minded Mathematicks and Philosophy more than 
at any time since. What Mr. Hugens has published 
since about centrifugal forces I suppose he had 
before me. 


As additional evidence, two colleagues, Pember- 
ton and Whiston, refer in their writings early 
in the eighteenth century to Newton’s work on 
gravity in 1666. 

As Newton stated in the quotation, he de- 
duced the inverse square law from Kepler’s 
harmonic law—namely, that the square of the 
periods of the planets are proportional to the 
cubes of their mean distances from the sun—and 
from the expression for the acceleration of a 
body moving with constant speed in a circle. 
The derivation is simple if the assumption is 
made that the orbit of the planets is circular. 


Suppose a planet moving in a circular orbit of radius a 
has a period P. Then the speed v of the planet is v=2za/P, 
or vxa/P. From Kepler’s harmonic law, P? <a. Hence 
v?«1/a. But the force F necessary to hold the planet in its 
circular orbit is proportional to v?/a. Therefore, F <1/a?; 
that is, the force necessary to hold the planets in their 
orbits (assumed circular) is inversely proportional to the 
square of their distances from the central sun or, as 
Newton expressed it, ‘reciprocally as the squares of their 
distances from the centers about w°*" they revolve.” 


Newton’s investigations on the subject of 
gravity were suggested, according to a well- 
known anecdote, by his contemplation of the fall 
of an apple while sitting in his country garden. 
Ball, in his essay on Newton, states that the 
story rests on good authority. Catherine Barton, 
Newton’s favorite niece, who married Conduitt 
the assistant to Newton at the Mint, told the 
story to Voltaire. Conduitt, who had excep- 
tional means of information because of his posi- 
tion, also vouches for the story. Pemberton and 
Folkes, the latter Vice President of the Royal 
Society during the last few years of Newton’s 
tenure as President, both tell the same story. 
Thus it would appear that Newton told the 
‘“‘apple” story to several of his intimate friends 
in the latter part of his life, and there is little 
reason to doubt its authenticity. 

The law of gravitation was not widely known 
until after the publication of the Principia in 
1686. A few years prior to this many scientists 
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were meditating on what fundamental physical 
laws underlay the empirical laws of Kepler. 
Some of the ablest minds in the Royal Society 
apparently had concluded that the elliptical 
orbits of the planets were due to an attractive 
force from the sun which varied inversely as the 
square of the distance. Halley describes a 
meeting in January, 1684: 


I met with Sir Christopher Wren and Mr. Hooke, 
and falling in discourse about it, Mr. Hooke affirmed, 
that upon that principle all the laws of the celestial 
motions were to be demonstrated, and that he himself 
had done it. I declared the ill success of my own 
attempts; and Sir Christopher, to encourage the 
enquiry, said, that he would give Mr. Hooke, or me, 
two months time, to bring him a convincing demon- 
stration thereof; and besides the honour, he of us, 
that did it, should have from him a present of a book 
of 40 shillings. Mr. Hooke then said, that he had it, 
but he would conceal it for some time, that others 
trying and failing might know how to value it, when he 
should make it public. However, I remember, that 
Sir Christopher was little satisfied that he could do it; 
and though Mr. Hooke then promised to show it to 
him, I do not find, that in that particular he has been 
so good as his word. 


By August of that year no solution was forth- 
coming, so Halley went to Cambridge to see 
Newton and asked him what curve the planets, 
assuming an inverse square law of gravity, would 
describe. Newton is reported to have immedi- 
ately answered, ‘‘an ellipse’; whereupon Halley 
asked how he knew it. Newton replied that he 
had proved it some years earlier. It turned out 
that he could not find his earlier calculations so 
he went to work again on the problem and sent 
the results to Halley sometime in November 
1684. Thus Newton’s interest in gravitation was 
reawakened, and by October he had worked out 
enough material for the course of lectures which 
he gave as Lucasian professor during the 
Michaelmas term. The duties associated with 
this professorship were one lecture a week during 
one term of the. year and two conferences a 
week with students during the time in residence. 
Actually it appears his duties were even lighter 
for frequently no students turned up for lectures 
or conferences! The material contained in the 
nine lectures given during the Michaelmas term 
took the form of a tract entitled De Motu. 
When Halley saw it he was very much impressed 
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and reported it to the Royal Society. Halley’s 
enthusiasm served as a catalyst in starting 
Newton on a piece of intensive work. In 17 
months between December 1684 and May 1686 
the Principia was written and sent to the Royal 
Society. During this time Newton’s mathe- 
matical genius appears to have been the con- 
trolling interest of his life. Yet we are told that 
during this time he continued his chemical 
experiments. During Newton’s life three editions 
of the Principia were brought out. The first 
was dated 1686, the second edition came out 
in 1713, the third in 1726 with Cotes and 
Pemberton, respectively, collaborating on the 
latter two. These editions were in Latin. The 
first English translation by Motte with notes 
appeared in 1729, and an excellent modern with 
numerous notes by Cajori appeared in 1934.* 

As stated earlier, Newton said about 1714 that 
he first tested the law of gravitation in 1665 or 
1666. In this report he says he ‘‘thereby com- 
pared the force requisite to keep the Moon in 
her Orb with the force of gravity at the Surface 
of the earth and found them answer pretty 
nearly.’’ Why then did Newton delay nearly 20 
years before announcing the law of gravitation? 
It has been commonly accepted, chiefly on the 
basis of a statement by Pemberton, that the 
delay was due to Newton’s using in 1666 an 
incorrect value for the radius of the earth. 
Pemberton says Newton 


. . took the common estimate in use among geog- 
raphers and seamen, before Norwood had measured 
the earth, that 60 English miles were contained in 
one degree of latitude on the surface of the earth. 
But as this is a very faulty supposition, each degree 
containing about 693 of our miles, his computation did 
not answer expectation; whence he concluded, that 
some other cause must at least join with the action 
of the power of gravity on the moon. On this account 
he laid aside for that time any farther thoughts upon 
this matter. 


At the two hundredth anniversary of the 
publication of the Principia, in 1887, the as- 
tronomer J. C. Adams and the mathematician 
J. W. Glaisher challenged this commonly ac- 


*F. Cajori, Sir Isaac Newton's mathematical principles 
(Univ. of California Press, 1934). 
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cepted explanation for the delay. They stated 
that it was not due to the use of an incorrect 
value for the radius of the earth but to Newton’s 
appreciation of a more fundamental and difficult 
problem, namely, how a large spherical mass 
attracts an outside particle. This problem was 
not cleared up by Newton until about 1685, 
and not until then did he consider his proof of 
the law of gravitation as applied to the earth 
and moon to be valid. Cajori has investigated 
this matter very carefully, and anyone interested 
in it should refer to his excellent article.’ Cajori 
shows that had Newton taken the value of 60 mi 
of 5000 ft each to a degree rather than 693 mi of 
5280 ft each, then, instead of the experimental 
value of 32.2 ft/sec? for the acceleration due to 
gravity, he would have obtained about 26.48 
ft/sec’, an error of over 18 percent! This would 
hardly have prompted Newton to say that he 
“found them answer pretty nearly.” 

A quotation from an article written by the 
astronomer H. H. Turner in the London Times 
of March 1927 may provide an _ interesting 
summary. He says: 


In fact Newton was stimulated by Halley’s visit of 
1684 to return to the whole question of gravity which 
had been intermittently in his thoughts since he saw 
the apple fall in the autumn of 1666. At that time the 
general idea of an attraction varying as the inverse 
square of the distance occurred to him, but he saw 
grave difficulties in its complete application of which 
lesser minds were unconscious. The most important 
of these he did not overcome until 1685, 19 years after 
the falling of the apple. It was that of linking up the 
attraction of the earth on a body so far away as the 
moon with its attraction on the apple close to its 
surface. In the former case the various particles com- 
posing the earth (to which individually Newton hoped 
to extend his law, thus making it universal) are at 
distances from the moon not greatly different either 
in magnitude or direction; but their distances from an 
apple differ conspicuously in both size and direction. 
How are the separate attractions in the latter case to 
be added together or combined into a single resultant? 
and in what ‘‘center of gravity,” if any, may they be 
concentrated? The beautiful theorem which he dis- 
covered, showing that the total attraction of a sphere 
on an apple at its surface, just as on a distant satellite, 


5 F. Cajori, “‘Newton’s twenty years’ delay in announcing 
the law of gravitation,” in Sir Isaac Newton, 1727-1927 
aa & Wilkins, 1928), p. 127; or see reference 4, 
p. 663. 
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is accurately concentrated at the center of the sphere, 
came as a complete surprise to him and must have 
given him great joy. It put the law of gravity on an 
entirely new footing, converting what had been 
possibly only a crude approximation for planetary 
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bodies into an accurate and universal law. The dis- 
covery of it was a great achievement, representing an 
important step in integral calculus, and it is probable 
that the final success in solving it was only the sequel 
to many failures. 


Two Graphical Constructions in Geometric Optics* 


H. W. FARWELL 


, Columbia University, New York, New York 


AND 


W. W. STIFLER, Amherst College 


HERE is nowadays less reluctance than 

formerly to present to undergraduate 
students topics in thick lens optics, perhaps a 
result of wide distribution of cameras. In any 
event it is to the advantage of the student to 
have the more useful method of handling his 
lens problems. In this connection we have used 
for solving a compound system a graphical 
solution which may be old, but by each of us 
has been considered original until 
brought us together. 

Numerous proofs are available for a general 
formula for the focal lengths of a compound 
system, yet a satisfactory graphical solution is 
uncommon. Let us then proceed as follows. 

Given two coaxial systems, S; and S2, with 
their cardinal points disposed for example as in 
Fig. 1. First draw a ray B,Bz parallel to the 
axis at a convenient distance /, from it. The 
conjugate ray in the image space of S; must 
leave the second principal plane at a height /,, 
and it must pass through F;’. Hence we can 
draw B3Fy' Bs. 

Now draw a ray A,A; through F; parallel to 
the one just drawn through F;’. Since these 
are parallel in the image space of Si, they must 
pass through the same point in the focal plane in 
the object space. Hence we can draw A3A2FAi1. 

Next consider B;B, and A.A; as being in the 


occasion 


* Publication assisted by the Ernest Kempton Adams 
Fund for Physical Research of Columbia University. _ 


, Amherst, Massachusetts 


object space of S:. AiAs passes through F%; 
therefore, its conjugate will leave Ags parallel 
to the axis. So A¢A; is definite. Then the con- 
jugate of B;B, must pass through that point of 
A>A; which is in the second focal plane of Ss, 
namely, Bs. This gives B;Bs, by which F’ and 
B; are located. 

The ray B,Bz was arbitrarily selected, there- 
fore F’ is the second focal point of the system. 
As truly, F is the first focal point. Awkwardly 
enough for the student who happens to be meas- 
uring the focal length of this system, but con- 
veniently indicated in this assumed arrangement 
of lenses, A; at the same distance from the axis 
as is AsA;, must lie in the first principal plane; 
also B; will locate the position of the second 
principal plane. The conventional proofs for 
focal length of the combination can - given 
directly from Fig. 1 if desired. 


This simple construction is very helpful, 
though the student must be on the watch if he 
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uses any negative lenses. Perhaps its usefulness 
is increased by applying it to the case of single 
lenses, since many teachers now like to present 
the relation, 


nN; Neo No—-nNn;, 
—p—=———, 


ay ae r 


as the fundamental one for all elementary prob- 
lems. However, the construction fails in the case 


“i 
ae 
scsi 
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of the plano-lens considered as a combination 
of two systems. 

After various compromises we now feel that 
the following solution, for which we are indebted 
to Mr. M. J. K. Newman, is the adequate 
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answer to the case involving the plane surface of 
a lens in air. ” 

The two systems, plane surface and spherical 
surface, may be represented by their principal 
planes H,Hy’ and H2H,’, with the plane surface 
on the left where the light enters. (See Fig. 2.) 
Draw any ray AA, parallel to the principal 
axis and meeting the coinciding principal planes 
at A». Since this is a plane surface, the ray will 
proceed unchanged in direction to the point A; 
on the coinciding principal planes of the second, 
spherical surface. Clearly the conjugate ray 
will now pass through A; and through F,’, the 
second focal point of the second surface. This 
immediately identifies F,’ as being also F’, and 
shows that H,’ is also H’. 

Now draw a ray B,By, in the image space of 
the combination parallel to the principal axis 
and at the same distance from it as is A,As2. 
The conjugate ray in the object space of the 
second component is B2F2, reaching 1/7)’ in B3. 
Draw B;B, parallel to A3;F’; this locates F on 
the principal axis and, by backward projection, 
gives the point E, thus locating the first prin- 
cipal plane of the combination. 

There are numerous proofs that this is correct, 
but in view of the circumstances always involved 
in publication, we are inclined to quote a phrase 
already well known: ‘‘The proof will be left to 
the reader.” 


F you do not expect the unexpected, you will not attain truth, which is 
difficult to discern, scarcely accessible-—HERACLITUS. 


ON HELMHOLTZ was speaking of his own great teacher, Johannes 
Miiller, and after referring to the student’s need for ‘‘daily mental inter- 
course with teachers from whom he learns something of the workings of the 
thoughts of independent minds,”’ he goes on to say, ‘‘Anyone who has once 
come in contact with one or more men of the first rank must have had his whole 


mental standard altered for the rest of his life.” —H. R. Rosinson, Nature 150, 
593 (1942). 
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Common Misconceptions Among First Year Students in College Physics 


HENRY A. PERKINS 
Trinity College, Hartford, Connecticut 


FTER many years of teaching physics, one 

begins to distinguish between his pupils’ 
blunders and their misconceptions. Blunders are 
limitless. When the teacher thinks he has en- 
countered every possible blunder in a given field, 
a new one is sure to crop up on the next examina- 
tion paper he reads. But misconceptions fortu- 
nately are not nearly so numerous, because they 
imply thought, even if it is misdirected. They 
originate in outworn notions whose vitality is 
perennial, in lack of clarity or in positive mis- 
statements in textbooks and in previous faulty 
instruction. 

It is my purpose to give a course of five or 
six lectures at Trinity College for the benefit of 
teachers of physics in the schools of Hartford 
and neighboring towns. In these lectures I plan 
to discuss each of the 45 misconceptions listed 
below, with possible additions which may be 
sent to me as a result of this paper. Also, sugges- 
tions as to effective means of impressing the 
correct concept on a class will be offered, so that 
the misconceptions may be anticipated and de- 
stroyed before they take root. Readers of this 
journal need no discussion of most of the items 
on my list; hence, with a few exceptions they are 
given here only by title. 

The impression is common among beginners: 


(1) That they already know a lot of physics. 
(2) That the knot in navigation is a distance. 
(3) That a rocket needs air to push against. 
(4) That in ‘‘point-blank range”’ the trajectory 


of a bullet is a straight line. ‘ 

(5) That the watt is an electric unit of power. 

(6) That head in hydraulics, like pressure, 
measures force per unit area instead of difference 
of gravitational potential. 

(7) That mechanical advantage measures the 
efficiency of a machine. 

(8) That Archimedes’ principle tells us that a 
submerged body displaces its own weight of 
fluid. 

(9) That water is the only substance that ex- 
pands while freezing. 


(10) That specific heat is the same as thermal 
capacity. 

(11) That if no heat were lost, a steam engine 
would be 100-percent efficient. 

(12) That the rate of evaporation depends 
upon atmospheric pressure. 

(13) That the inverse square laws are special 
instead of general. 


I find that not every physicist realizes that these laws 
are a property of three-dimensional space, and that they 
apply wherever anything extends in all directions from a 
point or sphere. In “flat land’” there is an inverse first- 
power law. In a land of four dimensions an inverse cube 


law would hold. 


(14) That the ideas of nodes and loops apply 
to traveling waves. 

(15) That difficulty in hearing a sound when a 
breeze blows from the observer toward the 
source is due to “blowing the sound away” 
instead of tilting the wave front upward. 

(16) That a musical interval is a difference of 
frequencies. 

(17) That in Rémer’s method for finding the 
velocity of light, the interval between the ob- 
served eclipses is longest when the earth is 
farthest from Jupiter. 

(18) That the sun and moon on the horizon 
are enlarged because of refraction by the at- 
mosphere. 

(19) That a plane mirror forms a perverted 
but not an inverted image of an object. 


From one point of view a plane mirror neither perverts 
nor inverts. You hold a letter before a mirror and the 
reflected writing is reversed, but it was you who turned it 
around in presenting it to the mirror. If you had turned 
it over top for bottom as is done in examining a medal, 
the writing would appear upside down and not reversed. 
So again you are to blame and not the mirror. 


(20) That there is no internal reflection when 
light emerges from a denser into a rarer medium, 
until the reflection becomes total. 

(21) That when two prisms are combined to 
rectify a beam of light, the second prism recom- 
bines the colors separated by the first. 
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This fallacy I have already explained at length! so I will 
not discuss it further, but it dies hard! 


(22) That a reading glass brings objects nearer. 

(23) That a telescope magnifies the “‘fixed’’ 
stars. 

(24) That the diffraction grating bends a beam 
of light like a prism. 

(25) That in mixing pigments we add colors. 

(26) That a mirage evolves an oasis and 
waving palms out of nothing. 

(27) That a magnet Jifts objects held by it. 

(28) That the inverse square law applies to 
magnets instead of to individual poles. 


Between two bar magnets, for example, the total force 
is the vector sum of four inverse square forces, two being 
attractions and two repulsions. 


(29) That a magnet is ‘‘charged” with mag- 
netism. 


(30) That iron conducts magnetism. 
(31) That lightning rods are intended to con- 


duct lightning to the earth, rather than to pre- 
vent the stroke. 


(32) That a wire carrying a current is attracted 
by a magnetic pole. 

(33) That an electric motor operates by the 
attraction and repulsion of poles in the armature. 


It is strange how this notion persists long after such a 
machine has disappeared except as a toy developing about 
one mousepower. In the Centennial Exhibition in Phila- 
delphia a rather large motor of this type was exhibited, 
and a writer of that dark era wrote that the machine 
developed a very high speed, but could be stopped by 
putting the hand on the pulley; therefore it seemed un- 
likely that electric motors would ever have much practical 
value. Even the writers of some recent textbooks appar- 
ently fail to realize that the motor of commerce does not 
involve either attractions or repulsions, but the sidewise 
drag on the armature inductors. It is true that poles are 
set up in the armature, but they are practically stationary. 
In modern motors designed for greatly varying loads, field 
interpoles are used to neutralize the polarity of the arma- 
ture, which is a nuisance in any case and especially so 


1H. A. Perkins, Am. J. Phys. 9, 188 (1941). 
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when the armature current and its magnetic reaction are 
subject to strong variations. 


(34) That some heating units are more effi- 
cient than others in converting electric energy 
into thermal energy rather than that all have an 
efficiency of 100 percent. 

(35) That emf is analogous to pressure. 


(36) That “volts go through a man who is 
electrocuted.” 


This concept is particularly rife in newspaper science. 


(37) That turning on an electric light in a 
house increases the resistance of the house 
circuit. 


Most beginners have an unshakable belief that turning 
on more lamps increases the resistance, and that the load 
is larger because the emf has a harder time pushing current 
through the circuit. Apparently they think only in terms 
of series circuits. Also an open circuit to them means both 


zero resistance and zero current, so Ohm’s law becomes 
E/0=0! 


(38) That the light of an incandescent lamp is 
intrinsically different from that of an oil lamp, 
because it is electrical. 

(39) That in the electrolysis of water, the acid 
serves only to make the water conduct. 

(40) That an electric current is always directed 
from positive to negative in any portion of a 
circuit. 

(41) That a storage cell stores up electricity. 

(42) That stationary magnetic fields induce 
currents in stationary coils. 

(43) That the field of a shunt generator uses 
up line current, instead of merely increasing the 
armature current. 

(44) That weakening the motor field reduces 
the motor speed. 

(45) That electrons constituting the current in 
a wire move with the speed of light. 

Any additions to the foregoing list of miscon- 
ceptions will be most welcome, as well as sug- 
gestions regarding the best way to counteract 
those that I have named. 


ordering beyond our present means of guidance can scarcely be denied; but as a pattern 
of intelligence it still furnishes us the hope of deeper understanding and insight, and perhaps 


of some ultimate solutions——RAYMOND B. FospIcK 
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The Schools in a Physicist’s War* 


R. J. Havicuurst, University of Chicago, Chicago, Illinois 


AND 


K. LarK-Horovitz, Purdue University, Lafayette, Indiana 


IGH school science teachers and administra- 
tors appear to have three principal re- 
sponsibilities in relation to the manpower 
problem. The first is to provide a variety of 
courses suited to the abilities and previous train- 
ing of various groups of high school students and 
geared to the needs of the war machine. The 
second is to select and guide boys into the courses 
in which they can make their best contribution 
to the nation’s manpower. The third is to recruit, 
select and train girls for the work which they 
can do most effectively. 

The willingness of high school personnel to 
meet these responsibilities is attested by the 
changes which have already been made in 
response to requests of Army, Navy and govern- 
ment officials for more and better training in 
science and mathematics. Recent studies made 
in the state of Indiana and in the Chicago area 
show that science and mathematics enrolments 
were substantially larger in the fall of 1942 than 
they were a year earlier. Physics enrolments 
increased slightly and, in addition, aeronautics 
courses have been introduced in a number of 
schools, with an enrolment about one-third as 
large as the physics enrolment. Plane geometry 
shows an increase of 16 percent in Indiana, with 
no significant change in the Chicago area. 
Advanced algebra shows a 13 percent increase in 
Indiana and a 10 percent gain in the Chicago 
area. Trigonometry shows a 25 percent gain in 
the Chicago area and 90 percent increase in 
Indiana. 

These changes came in response to very general 
statements made last spring and summer about 
the nation’s need for men with mathematical 
and scientific training. Now that manpower 


* From a report, ‘‘High school science and mathematics 
in relation to the manpower problem,” issued by the Co- 
operative Committee on Science Teaching. The full report 
deals with the relation of the manpower problem to all the 
sciences and can be obtained from the Chairman, R. J. 
Havighurst, University of Chicago. 


needs have been stated more clearly and more 


specifically, the high schools will really be put 
to the test. 


Some of the major needs for the work of young people are 
the following: 

Both the armed forces and industry immediately need 
personnel with a practical technical training, and they 
must be assured of a continual supply. The Army is ex- 
pected to increase from 5,000,000 to 7,500,000 by the end 
of 1943. The Navy and the Coast Guard will also expand 
by several hundred thousand men. Practically all boys of 
ages 18 and 19 who can pass the physical examination will 
be inducted into the armed forces very soon. The Army is 
especially short of technically skilled automobile mechanics, 
airplane mechanics, radio operators, radio repairmen, 
electricians, telephone and telegraph linemen and repair- 
men, and machinists. Normally the Army takes men 
without any special training and sends them to an Army 
specialists school to learn one of the Army jobs in a period 
varying from three months to a year. But with the con- 
templated expansion from 5,000,000 to 7,500,000 men 
within a year, the Army’s training facilities will be over- 
taxed. In this situation, General Somervell, Chief of the 
Services of Supply, has requested the civilian training 
agencies of the country to give as much preinduction 
training of a practical technical type as possible. Through 
its Preinduction Training Section the Army has specified 
the kinds of training that it needs. 

The same shortage exists among scientifically trained 
workers. Men and women with a thorough scientific and 
technical education are in constant demand for service 
and research on behalf of the armed forces and in industry; 
and in order to keep available a continuous supply of 
such people, young men and women must be trained more 
rapidly and in greater numbers than ever before.* 

High school science and mathematics are needed by the 
young people who will help to meet current manpower 
needs. Preinduction training of a practical technical sort 
is needed by the great majority of boys who will be en- 
listed in the armed forces. Similar training is needed by 
girls who will go into industry as well as by boys who enter 
industry after failing to pass the Army physical examina- 
tion. Scientific education of a more thorough kind is 
needed by those who prepare to fill the needs of military, 
industrial and civilian activities for a continuous supply of 
scientifically trained workers. 


New courses in biology and chemistry are not 
needed, but differentiation of courses in physics 
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and mathematics seems to be indicated. The 
aim should be, in these fields, to provide appro- 
priate courses for students who will work at 
jobs requiring varying levels of theoretical 
knowledge and practical skill. The manpower 
problem, as already indicated, is not only a 
problem of giving large numbers of boys a 
preinduction training of a practical technical 
sort but also of giving smaller numbers of boys 
and girls a thorough scientific training leading 
to scientific work in college so that they may 
meet the continuing need for scientifically 
trained workers. 

At the present time the number of students 
enrolled in the physics classes of the secondary 
schools and the colleges does not meet the 
demands of the emergency. The technical de- 
velopments during the last 50 years have been 
accompanied by a steady decline in the amount 
of physics taught in the secondary schools. The 
senior high school enrolment increased between 
1890 and 1934 from 6 to 54 percent of the age 
group 15 to 17 years, inclusive. During the 
same period the enrolment in physics dropped 
from 19 to 6.3 percent of the total high school 
enrolment.! 

In normal times the lack of technical training 
of the high school graduate has been supple- 
mented by the vocational and trade schools 
directed by the large industries in their own 
plants. For the small percentage going to college 
a scientific education has been provided on a 
somewhat higher level. However, the total num- 
ber of men and women trained in physics was 
and is a small fraction of our population. It is 
clear that the shortage of men trained in physics 
which exists on all levels cannot be effectively 
dealt with by the colleges, since the total output 
of physics majors in the colleges in normal years 
is less than 1000 per year. Thus we are confronted 
with the necessity of using the manpower 
reservoir in our secondary schools as the only 
source of the 50 percent or more of Army person- 
nel who must have some training in the physical 
sciences and related mathematics. 

The first problem facing us is the determina- 
tion of the probable number of students in the 


1U. S. Office of Education, Offerings and registrations in 
high school subjects, 1933-34, Bull. No. 6, 1938. 
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secondary schools with an aptitude for physical 
science and mathematics. Physics and chemistry 
are usually taken in the eleventh and twelfth 
grades. The number of students enrolled in 
physics is about 25 percent of the twelfth grade 
enrolment. It is doubtful whether this enrolment 
can be more than doubled and still deliver 
personnel that can in the end acquire a mastery 
of even elementary skills in the physical sciences. 

We, therefore, recommend that the high 
school population be screened according to their 
aptitude for work in physical science and mathe- 
matics. The Preinduction Section of the War 
Department has designated five areas as particu- 
larly important for the preparation of the future 
soldier. These courses—in electricity, machines, 
radio, shopwork and automotive mechanics— 
are designed to prepare the student for a large 
variety of Army jobs. To provide the large 
numbers needed, the War Department recom- 
mends that every boy in the eleventh and twelfth 
grade should devote one or two class periods a 
day to work in preinduction courses. Since every 
boy in these grades is eligible to take this work, 
it cannot be too advanced or abstract but will 
have to stress practical applications. 

The numbers available for the academic 
courses and for the various emergency physics 
courses should be determined by the composite 
record of the results of an intelligence test, a 
mathematics and physics aptitude test, and 
previous school records in mathematics, general 
science and biology. The science aptitude test 
should be given at the end of the tenth grade to 
provide proper selection for the academic and 
preinduction courses given in the last two years 
of high school.? The outcome of such screening 
tests will determine not only the available num- 
ber of trainees but also the number of teachers 
who must be trained for the increased number of 


2 Several aptitude tests for science and mathematics are 
available. One of these tests, developed by the Pennsylvania 
State College in collaboration with the Department of 
Physics of the University of Iowa, has been used widely in 
the ESMWT program in the state of Pennsylvania. An- 
other, developed at Purdue University by a committee of 
the Department of Physics and the Division of Educational 
Reference, has been used by some schools in Indiana. There 
is also a science aptitude test developed by the U. S. 
Office of Education and other tests such as those used by 
industry and the science clubs. 
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THE SCHOOLS IN A 
students. If the number of students enrolled in 
the various physics courses is appreciably 
increased, we will face a serious teacher shortage. 

New teachers may not be needed in the smaller 
schools because the physics teachers now engaged 
partly in other activities may be assigned to such 
additional physics classes as are created. It will 
be necessary, however, to train new teachers for 
the larger schools, particularly if the preinduction 
courses in machines, automotive mechanics, 
fundamentals of electricity and fundamentals of 
radio are to be given simultaneously with the 
regular courses of the schools. 

With the draft age lowered to 18 years and the 
deferment rules rigorously tightened, it will be 
necessary to train a large number of women to 
take the place of the men gone into the armed 
services. These women will serve as teachers and 
as technicians for the defense laboratories. The 
screening test given at the high school level will 
determine the number of girls who can take 
physics courses in the high school as preparation 
for laboratory technicians. 

To determine which women can be trained as 
teachers a screening science aptitude test should 
be given to all women students in the colleges. 
It is realized that such a test will not effectively 
test the ability of the student as a teacher but 
only her ability to learn and comprehend physical 
science and mathematics. 

We have, therefore, three problems to discuss: 
(1) the preparation of teachers; (2) the wartime 
curriculum; (3) the development of teaching 
equipment for the new courses. 


THE PREPARATION OF TEACHERS 


The total high school enrolment in physics 
throughout the country is about 280,000. There 
are about 630,000 boys in the senior year, and 
730,000 boys in the junior year. If all boys take 
college-preparatory physics or preinduction elec- 
tricity and machine courses, the physics enrol- 
ment must increase by a minimum of about 
400,000. An exact estimate can hardly be made, 
because a part of the physics enrolment consists 
of girls, and there are many small schools that 
do not offer physics and may not offer preinduc- 
tion physics courses. But the figure 400,000 is 
conservative. If eleventh and twelfth grade boys 
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flock into these courses at the same time, the 
increase will be even greater. And the more 
advanced preinduction courses in radio and 
automotive mechanics will demand the time of 
many physics teachers. 

There are in the country 1700 high schools 
with enrolments over 1000. Estimates of the 
number of new physics teachers needed in these 
schools run from 1000 to 3000. Where can the 
new teachers be obtained? A few of them may be 
recruited from the ranks of high school. teachers 
of other subjects who have some background in 
physics. These teachers should be selected on 
the basis of their performance in a science and 
aptitude test. Through intensive courses taken 
during the spring and summer such teachers 
may be ready to teach preinduction courses by 
next fall. 

The most promising source of new teachers 
would appear to be the women now in college 
and the men in college who are ineligible for 
military service because of physical defects. 


- However, it is evident that their services will be 


quite generally in demand. College men who are 
majoring in physics or chemistry will hardly 
be available for high school teaching because 
they are so greatly in demand by industry and 
for war research. College women who are major- 
ing in physical science may be attracted to 
teaching, although they, too, will be in demand 
by industry. 

College students who are not majoring in 
physics or chemistry but who have some back- 
ground in physical science might be given inten- 
sive training for preinduction courses by teacher- 
training institutions. It is especially a responsi- 
bility of the state universities and of the larger 
independent universities to recruit and train 
people for these jobs. But the teachers colleges 
and liberal arts colleges can also do a great 
deal to meet the need. These institutions as 
well as state departments of education may have 
to make temporary adjustments for majors and 
for teachers’ certificates. Emergency action is 
needed. 

For the training of these special teachers, 
programs should be established in institutions 
of higher learning that still have a staff and 
facilities for this purpose. The question of sub- 
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sidy of these teachers while in training and while 
teaching any emergency course is of utmost im- 
portance. Since the prospective science teacher 
is also a prospective employee for war industries, 
it may be necessary to find means to subsidize 
his training period just as industries are sub- 
sidizing the training period of prospective em- 
ployees. 

In the ESMWT program the college instructor 
is compensated for teaching courses beyond his 
usual load. Extra pay for additional time spent 
in teaching or in the preparation of these inten- 
sive courses may also be necessary to keep high 
school science teachers on the job. Fundamen- 
tally, the problem of securing enough high school 
teachers of science and mathematics to meet 
emergency needs is the problem of paying them 
enough to attract them. The young people who 
might qualify for such positions can now get 
pay for learning a technical job in industry and 
can draw wages higher than teachers’ salaries 
as soon as they learn their jobs. 

The preparation of the teachers must differ 
from peacetime requirements. It is not possible 
to ask for a four- or five-year program. It will 
be necessary to develop a special program re- 
quiring from one to three quarters or semesters, 
depending on the background and training of the 
prospective teachers. Teacher-training courses 
in physics and mathematics may be organized in 
recognized training centers under the ESMWT 
program, a policy accepted during the last year 
by the U. S. Office of Education. The additional 
teachers fall into three groups: 

(i) Teachers in high schools who are assigned 
to other subjects than physics but who hold a 
physics teacher’s license. To reactivate this 
license we recommend a full-time program for 
one term in which the teachers will be trained in 
the content of the particular physics preinduction 
or emergency course which they are to teach. 

(ii) Teachers of neighboring sciences who have 
some previous preparation in physics; We recom- 
mend the same program as that given in (i). 

(iii) New teacher candidates with high scores 
in a science and mathematics aptitude test. 
They should be trained, depending on their 
background, in a two- or three-term full-time 
program in the fundamentals of mathematics, 
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physics, electricity and radio. It may be neces- 
say, if the emergency demands it, for teachers 
trained in such a manner to leave the university 
without obtaining a degree. They should be 
permitted to return after the war with full 
college credit for the work taken in preparation 
for emergency teaching. 


THE WARTIME CURRICULUM 


Recognizing the fact that many topics in the 
customary physics course have little or no rela- 
tion to the war effort, we deem it essential to 
analyze the present physics courses from this 
point of view and to correlate them with the 
activities of the armed services. A procedure 
adopted in Indiana indicates a possible solution. 
A committee representing institutions of higher 
learning and the high schools has been appointed 
by the State Department of Education to analyze 
the topics to be given in secondary-school 
physics. The outline of an emergency physics 
course has been sent to all the schools in the 
state; it contains: (i) topics with reference by 
page and paragraph to each of the textbooks 
approved in Indiana; (ii) a list of lecture demon- 
strations to be carried out if necessary with 
simple home-made equipment; (iii) a description 
of simple student experiments; (iv) a summary of 
the fundamental relationships involved in the 
unit.® 

In every unit reference is made to the technical 
and field manuals issued by the War Department 
as they are related to the material under discus- 
sion. The course stresses wartime applications 
throughout and eliminates other material usually 
covered in a first-year course. Thus, in optics, 
geometrical optics is stressed as applied to the 
optical devices used in the army. In sound, the 
chapters on musical acoustics have been elimi- 
nated, but propagation of sound, depth sounding, 
sound ranging, and so forth, are discussed in 
some detail. The course should also be integrated 
with shop courses so as to make more use in 
physics of machines and tools. 

This course should be given in the eleventh 
grade so that it can be followed in the twelfth 


* Copies of this outline may be obtained from Dr. 
C. T. Malan, State Superintendent of Public Instruction, 
Indianapolis, Ind. 
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THE SCHOOLS IN 


by some of the advanced preinduction courses. 
Offering physics in the eleventh grade is also 
desirable because many colleges plan to admit 
students with 12 instead of the customary 16 
high school units. 

It is essential that a new physics program of 
this sort be brought to the attention of high 
school administrators and teachers early enough 
so that they can adequately discuss it and pre- 
pare for it. In Indiana a series of meetings was 
held in six counties with administrators and the 
teachers of science and mathematics. The whole 
program—screening test, teacher training and 
counseling, and the wartime physics and mathe- 
matics courses—was presented by representa- 
tives of the State Department of Education, 
members of the mathematics and _ physics 
emergency committee, and representatives of the 
colleges. 

The preinduction courses in fundamentals of 
machines and electricity may well be taught as 
simple, practical courses for the great mass of 
boys, who will be assigned to learn technical 
jobs when they get into the Army. While the 
outlines of the preinduction ‘courses issued by 
the War Department suggest a type of work 
which is not different from that in the college- 
preparatory physics course, it appears inevitable 
that the courses will be very much simplified 
for the large numbers of students who do not 
have special scientific ability or interest. In a 
large school with many classes of preinduction 
physics, this difficulty could be avoided by 
sectioning students according to ability. The 
sections of students with greater ability would 
then really be taking college-preparatory physics, 
except that the work would be concentrated in 
mechanics and electricity. 


EQUIPMENT AND PRIORITIES 


Just as the content of the physics course must 
be analyzed, so it is also necessary to determine 
the essential amount of equipment.‘ Through 
cooperation with the industrial art shops, which 


‘A special committee, appointed last spring by the 
Indiana State Department of Education, has set up certain 
minimum essentials necessary to keep the physics course a 
laboratory course. Physics teachers interested in this 
procedure should write to Professor E. S. Eliot, Butler 
University, Indianapolis, Ind., Chairman, Committee on 
Equipment and Supplies. 


A PHYSICIST’S WAR 
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in many schools are excellently equipped for the 
ESMWT program, it will be possible to construct 
and build many of the pieces of equipment 
necessary for demonstration and student experi- 
ments. In electricity a great deal of equipment 
may be assembled from second-hand radio 
equipment, which can still be obtained. Wide 
use will have to be made of visual aids such as 
lantern slides or projection of illustrations from 
the Army technical manuals. 

In some cases it will be necessary to establish 
priorities of a rating similar to that allowed for 
the ESMWT courses. In such cases a uniform 
procedure and general supervision should be 
established by the State Department of Educa- 
tion or some other state agency.® It is assumed 
that each high school will appoint a counselor to 
advise the school on the needs of the armed 
forces. This counselor will be indispensable in 
the purchase of equipment where priorities are 
involved. 


* * * 


The proper selection and guidance of students 
must follow the establishment of differentiated 
courses in physics and mathematics. The Army 
and the Navy have both adopted the policy of 
sending many young men to colleges with orders 
to follow college courses designed to prepare 
them for advanced technical work. Some of ’ 
these men will be trained for specific military 
jobs. Others who will be trained as physicians, 
physicists, chemists and engineers may be sent 
into nonmilitary work if the war lasts long enough 
and civilian needs become urgent. While in high 
school, these young men should pursue the 
orthodox college-preparatory curriculum, with 
emphasis on science and mathematics. + 

It appears that at least 10 percent and prob- 
ably a greater proportion of the boys of ages 
18 and 19 will be selected for such postinduction 
college training. Thus, at least this proportion 
of boys should be advised to pursue the regular 
college-preparatory science courses. The War 


5 A counseling service for the mathematics and science 
war programs in the schools has been established by the 
joint efforts of the Purdue University Engineering Exten- 
sion Department and the Division of Education. A similar 
procedure in other states will be of great service to orient 
the teachers in their new job and to keep them informed as 
to new military and industrial developments and needs. 
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Department suggests that 20 percent of the 
boys in and out of school should follow ‘‘a war- 
applied course in physics and mathematics’ 
as background for continued specialization at 
the college level. When we remember that only 
about 55 percent of the boys of age 17 are in 
school, we see that at least 20 percent and per- 
haps a larger proportion of high school senior 
boys should take college-preparatory science. 
The policy of giving all boys only preinduction 
courses of a practical technical nature would be 
a short-sighted one, for it would dry up the 
source of the continuing stream of scientifically 
trained personnel which is needed in war as well 
as in peace. 

Women will become a more important part 
of the manpower reservoir as the war goes on. 
They will be more and more in demand as 
nurses, laboratory technicians, research workers, 
teachers and factory workers. Girls in high 
school should be guided into appropriate voca- 
tional channels on the basis of the same kind of 
information about their abilities as is used in 
guiding the boys. More girls should take biology 
and chemistry than have taken these courses in 


the past. The preinduction shopwork, electricity 
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and machines courses should be open to girls 
who show some aptitude for work in these areas. 

To obtain the greatest efficiency in the pro- 
duction of specialists and highly trained person- 
nel a close correlation among _ preinduction 
courses in the high school, college-preparatory 
courses, preinduction and postinduction courses 
in college, training in the Army schools and the 
Army Institute will have to be provided. In no 
other fields is this as essential as in physics and 
engineering, where continuity of training and 
correlation of topics could eliminate unneces- 
sary repetition and duplication and lead in the 
shortest possible time to advanced training. 

The curriculum changes which are now taking 
place in the upper years of the high school should 
be regarded as temporary. These are emergency 
changes. No pattern for a permanent curriculum 
is likely to be found in them. Yet the experience 
of adapting science and mathematics teaching 
to the needs of immediate practical and fateful 
action should prove invaluable. Out of this 
experience, though not out of the emergency 
curriculum pattern, may come vital ideas for the 
improvement of postwar science and mathe- 
matics teaching. 


Unscrewing Lens Mount 


N dismantling an eyepiece or photographic objective for cleaning, a lens mounting or 
knurled retaining ring is sometimes not readily unscrewed. Light oil may be effective if 
time is allowed for it to creep into the screw threads. But if force is necessary, it’ is best to avoid 
gripping the mounting in its original state. If the knurled edge protrudes, make two cuts with 
a hacksaw at opposite ends of a diameter; use an old hacksaw blade held in a vice as a key. 
If the ring is recessed, drill two holes; to make a key, cut an iron washer in half and file to 
shape.—D. A. CAMERON, J. Sci. Inst. 20, 32 (1943). 
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Radio Side Bands Demonstration 


RoBerT J. Dwyer 
Trinity College, Hartford, Connecticut 


HEN a continuous radio signal of frequency f is 
varied in amplitude at an audiofrequency n, the 
resultant amplitude modulated wave may be shown by a 
simple trigonometric substitution! to be equivalent to 
three continuous unmodulated waves. One of these waves 
has the frequency f of the original carrier; the other two are 
on each side of the carrier and separated from it by the 
audio-modulating frequency, their frequencies thus being 
f—n and f+n. When a carrier is modulated by a number 
of audiofrequencies simultaneously, as in the case when 
the modulating signal is produced by voice or music, side 
bands are produced instead of merely two side frequencies. 
Because of their important applications in radio theory 
it is desirable to be able to demonstrate the presence of 
side frequencies for instructional purposes. Morecroft? 
described a method of observing them using a very low 
value of f, thereby obtaining a sufficiently large percentage 
separation of the side frequencies from the carrier to 
permit their observation with a frequency meter. It does 
not seem to be generally known that these side frequencies 
can be observed at high radiofrequencies such as those 
within the broadcast band by the use of an ordinary 
signal generator, amplitude modulated at 400 cycle/sec, 
whose output is connected to the antenna terminal of a 
receiver having a beat oscillator for code reception. Any 
standard communication receiver is adequate, and no 
crystal filter for high selectivity in the receiver is necessary. 
If the receiver has a band-spread tuning dial, this may be 
calibrated and the exact separation of the side frequencies 
from the carrier measured in cycles per second. 

In practice, additional side frequencies f+2n, and 
sometimes f+3n, can be heard. These could be produced 
by harmonic content in the audio-oscillator which modu- 
lates the radiofrequency signal, by some undesired fre- 
quency or phase modulation of the radiofrequency oscillator 
or by nonlinearity in the radiofrequency stages of the 
receiver. A parallel resonant circuit inserted in the lead 
from the audio-oscillator to the modulated radiofrequency 
oscillator had no effect, when tuned to 2”, upon the in- 
tensity of the signals f+2n in the receiver, showing that 
the latter were not produced by a second harmonic in the 
audio-oscillator output. As these frequencies f+2n and 
f+3n can be observed in the reception on 5 megacycle/sec 
of the tone-modulated government frequency standard 
station WWV, which would not be expected to contain 
any appreciable frequency or phase modulation, it is 
probable they are produced in the radiofrequency stages 
of the receiver. 


1 See any textbook on radio engineering. 


2J. H. Morecroft, Experimental radio engineering (Wiley, 1931), p. 
328. 
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Effect of Friction on Motion Down an 
Incline of Variable Slope 


W. P. BERGGREN 
College of Agriculture, University of California, 
Davis, California 


LEMENTARY textbooks commonly point out that, 
in the absence of friction, the kinetic energy and 
hence the speed acquired by a body descending a vertical 
distance h will be independent of the path followed. 
Extension of the discussion to cases in which the body 
experiences a retarding force nN, where N is the component 
of the weight of the body normal to the incline, yields an 
unexpectedly simple result. The fraction of the original 
potential energy diverted to overcoming friction is deter- 
mined solely by the product of the coefficient of friction » 
and the horizontal distance } traversed during descent. 
Therefore, the final kinetic energy and speed, for given 
coordinates of top and bottom positions, remain inde- 
pendent of the shape of the curve (provided there are no 
“stalling points’). Likelihood of this result was pointed 
out to the writer by a freshman student who at that time 
had not studied calculus. 
The following derivation may, for pedagogic purposes, 
be set up in terms of a summation of finite quantities. 


(See Fig. 1.) 

If x and y (positive y taken downward) represent the 
horizontal and vertical distances from the top of the 
incline, one may express the work done against friction as 


Su(me=)as = pmgx. (1) 


Fic. 1. Normal force on irregular incline. 


The kinetic energy at the point (x, y) will be 
gmv? = mgy— wmgx, 
and the corresponding speed, 


v=([2g(y—px) }. 
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A “stalling point,” at which v=0, exists wherever y=yx; 
hence if the body is to reach the bottom of the incline, its 
path must remain below a line drawn at the friction angle 
6=tan™! yw. The speed at any point is proportional to the 
square root of the distance below this line. 

Although these results probably have appeared else- 
where, the writer is not aware of any reference to them. 


Experiments with Polarized Light 


Tuomas B. BROWN 
George Washington University, Washington, District of Columbia 


HREE simply constructed polarizing plates make 

possible a group of demonstrations capable of 
puzzling even those who are quite familiar with the phe- 
nomena involved. Designate the plates by A, B and C. 
If light traverses A and B in the order A-B, the plates 
appear to be ordinary Polaroid plates; a 90° rotation of 
one relative to the other changes the intensity of the 
transmitted light from maximum to zero. If, however, the 
order of passage is changed to B—A, maximum transmis- 
sion occurs for all relative angular positions! Plates A and 
C likewise appear to be Polaroid plates for the order of 
passage A-—C, but complete extinction results, at all 
relative angles, when the order of passage is C-A. Plates 
B and C give results identical to those obtained with 
A and C. 

If a mica or Cellophane strip is placed between A and B, 
the explanation for these phenomena may be discovered. 
When the order is A—B it is quite evident that the light 
traversing the mica is plane polarized; in particular, the 
brightness of the color seen in the mica depends upon the 
orientation of the mica as well as upon the orientations 
of the two plates. When, however, the order is B—A the 
brightness of color is unchanged by orientation of the mica, 
thus proving that the light traversing the mica is circularly 
polarized. 

Each of these polarizing plates is made by binding 
together a Polaroid plate and a quarter-wave plate so that 
the vibration axes of the latter make 45° angles with the 
plane of the vibrations passed by the Polaroid. As is well 
known, the light which then emerges from the quarter- 
wave plate will be circularly polarized; the direction of 
“rotation” is clockwise or counterclockwise, depending 
upon whether the ‘“‘fast’’ vibration axis—direction of 
vibrations for the component that travels fastest in the 
quarter-wave plate—is turned 45° counterclockwise or 
clockwise from the plane of vibration of the light coming 
from the Polaroid. Plates A and Bare alike; plate C 
differs only in the direction of rotation which it produces. 

The demonstrations are explained as follows. When A 
and B are held so that the two Polaroids are adjacent, the 
light which passes from A to B is plane polarized and the 
results are indistinguishable from those observed with 
plain Polaroids. If, on the other hand, the quarter-wave 


DISCUSSION 


plates are brought adjacent by interchanging A and B, 
the light passing between them is circularly polarized light 
produced by B. This circularly polarized light then is 
reconverted, by the quarter-wave plate in A, into plane 
polarized light whose plane always coincides with the 
transmission plane of Polaroid A. The same result could, 
of course, be brought about without changing the order of 
A and B, merely by turning each plate face for face. Similar 
explanations may be made for the other demonstrations. 

Quite apart from the aforementioned demonstrations 
these polarizing plates are very convenient producers and 
analyzers for circularly polarized light. They are especially 
useful for demonstrations of photoelastic phenomena 
since, when circular polarization is employed, the double 
refraction pattern produced by loading the transparent 
models shows up equally well for all positions of the model 
and for all directions of strain. 


More Misconceptions and Misinformation 


CQUIRING experience in teaching is at least partly 
a matter of learning the conceptual difficulties and 
misconceptions which the students are most likely to 
encounter, and of devising ways to correct or, better still, 
to circumvent them. Professor Perkins’ list of miscon- 
ceptions which appears elsewhere in this issue should 
therefore be particularly useful to physics teachers of 
relatively little experience or training—and the number of 
such teachers will certainly increase because of the wartime 
demand for something that approaches almost universal 
instruction in elementary physics. 

Professor Perkins’ manuscript proved so stimulating 
that we were moved to respond promptly to his request 
for additional items. Although our list consists mostly of 
stock items, familiar to experienced teachers, there is some 
point in making a start on a comprehensive list. Moreover, 
the mere act of verbalizing even a familar item adds to the 
chance that we will make better use of it. 

A student is likely to enter the elementary physics course 
with the impression: 

That it is not permissible to multiply or divide unlike 
physical quantities. 

However, “‘ten dollars per day”’ is generally regarded as 
a permissible and understandable as well as an interesting 
expression. 

That all rates are time rates. 

That an automobile is equipped with only one device 
for producing acceleration, namely, the foot throttle. 

That a flywheel bursts ‘‘because of centrifugal force.”’ 

That rubber is more elastic than steel. 

That the difference between a ‘“‘centigrade thermometer” 
and a “Fahrenheit thermometer’ is more fundamental than 
the difference between, say, a mercury-in-glass and an 
alcohol-in-glass thermometer. 
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More generally, the tendency is to believe that the ques- 
tion of the particular system of units to be used in measure- 
ments is more fundamental than the choice of the opera- 
tions and materials used to carry out the measurements. 

That ‘‘sunlight is composed of seven colors which cannot 
be analyzed further.” 

This statement actually appears in a science textbook. 

That white light is pure sunlight—pure solar radiation. 

That nature obeys scientific laws. 

That physical phenomena are more complicated than, 
say, social phenomena. 

The distinction between complicated phenomena and 
highly developed knowledge of relatively simple phe- 
nomena is not well understood. 

That science is infallible. 

That one can get something for nothing. 

That the fact that certain theories and explanations 
formerly taught in physics have been modified or aban- 
doned shows that physicists are no more sure of what they 
are doing or where they are going than are the workers in 
any other field of knowledge. 

That explanations of everyday phenomena are neither 
as interesting nor as useful as those of unusual phenomena. 

In one respect the beginner is right. Phenomena to which 
we.are accustomed we scarcely notice; only when they are 
placed in contrast to something to which we are unac- 
customed do they develop intellectual significance. Almost 
every motive that leads us to modify and transcribe our 
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thoughts proceeds from that which is uncommon and not 
understood. 

That the ability to perform “lightning” calculations is a 
necessary, or even sufficient, characteristic of a first-rate 
mathematician. 

Gymnastics, speedy technics and feats of endurance 
usually have the edge on creative effort in winning popular 
applause. 

That to solve a problem is generally more difficult and 
requires higher ability than to find and give the first clear 
statement of the problem. 

A simple analogy is furnished by the example of medical 
diagnosis as compared with the treatment of an identified 
ailment. 

That an exercise involving simple substitution in a 
formula constitutes a genuine problem. 

That if one has seen or pronounced a word several times, 
it is no longer necessary to know what it means. 

That physics is unimaginative, purely utilitarian and 
lacking in esthetic and creative elements, and hence has 
little in common with the fine arts and the humanities. 


* * * * 


The foregoing list has been confined mainly to miscon- 
ceptions that are likely to prevail among people who have 
had little or no physics. In the next issue we shall continue 
with a list of misconceptions often acquired by students 
while taking the elementary course.—D. R. 


Publicizing the Need for Physics Teachers 


ROSTER of physics teachers and assistants available in Western Pennsylvania and West 
Virginia is being prepared by the Western Pennsylvania and Environs chapter of the 
American Association of Physics Teachers. A suitable notice was published in both Pittsburgh 
and small-town newspapers, and within three days more than 40 persons sent in their names. 


The total number probably will reach 80. 


Perhaps other chapters of the Association will be encouraged to prepare a similar roster.—O. B. 


They could not understand this life that sought 
Only to bear the torch and hand it on; 

And so they made report that all the dreams 
Of Tycho Brahe were fruitless; perilous too, 
Since he avowed that any fruit they bore 
Would fall, in distant years, to alien hands. 
—ALFRED NOYES 
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HE twelfth annual meeting of the American Associa- 
tion of Physics Teachers was held at Columbia 
University, New York City, on January 21-23, 1943. The 
presiding officer was Professor A. A. Knowlton, President 
of the Association. 

Meetings of the Executive Committee were held on 
Thursday, January 21, at the Hotel Pennsylvania. 

Sessions on Friday, January 22, were devoted to the 
following invited addresses: 


Advanced instruction and research in mechanics. R. G. D. RICHARD- 
son, Brown University. 


The teachers’ training program as a professional activity in colleges. 
kK. LARK-Horovitz, Purdue University. 

The physicist in the new world. VERN O. KNUDSEN, University of 
California at Los Angeles. 


The work of the Office of Scientific Personnel of the National Re- 
search Council. Homer L. DopGe, University of Oklahoma. 


Training physicists for war research. F. W. Loomis, University of 
Illinois. 


Meteorology in the war effort. C. G. Rosspy, University of Chicago. 
(Read by C. B. Allenderfer.) 


Accelerated programs in physics. R. C. Gisss, Cornell University. 
Manpower and deferment. M. H. TrYTTEN, University of Pittsburgh. 
The work of the War Policy Committee of the American Institute of 


Physics. Pau E. KLopstec, Central Scientific Company. (Read by H. 
A. Barton.) 


Discussion period. Led by H. A. BARTON, American Institute of 
Physics. 


The new spirit in American physics—Second Richtmyer Memorial 
Lecture of the Association. GorDON FERRIE HULL, Dartmouth College. 


Following these sessions, Professor Worthing and Presi- 
dent Knowlton presented the 1942 Oersted Medal to 
Professor G. W. Stewart; the addresses of citation, presenta- 
tion and acceptance appear elsewhere in this issue. On 
Friday evening the Association, the American Physical 
Society and the American Society for X-Ray and Electron 
Diffraction joined in a dinner at the Men’s Faculty Club, 
Columbia University. 

Saturday, January 23, was devoted to the annual 
business meeting and to contributed papers. The titles 
and abstracts appeared in the February issue, -page 46. 
Two of the papers—No. 3 and No. 5—were read by title. 


Report of the Secretary 


HE executive committee of the American Association 

of Physics Teachers met at: the Hotel Pennsylvania, 
New York City, on January 21, 1943. Members present 
were: A. A. Knowlton and L. W. Taylor, presiding; Gladys 
A. Anslow, Vola P. Barton, T. D. Cope, R. C. Gibbs, K. 
Lark-Horovitz, Louise S. McDowell, R. F. Paton, F. G. 
Slack, R. M. Sutton and W. C. Wineland (proxy for O. T. 
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Koppius). Other members of the Association present by 
invitation were H. A. Barton, H. L. Dodge, F. Palmer and 
M. H. Trytten. 

Reports were heard from the chairmen of the following 
special and standing committees: Awards, A. G. Worthing; 
Letter symbols and abbreviations, H. K. Hughes; Member- 
ship, R. C. Gibbs; National defense, R. A. Patterson; 
Physics in medical education, W. E. Chamberlain; Read- 
justments of physics teaching to the needs of wartime, 
M. H. Trytten; Richtmyer memorial lecture, T. D. Cope; 
Teaching of physics in secondary schools, K. Lark-Horo- 
vitz; Terminology, D. Roller; Tests and testing, C. J. 
Lapp. Upon the recommendation of their chairmen, the 
special committees on National defense and on Readjust- 
ments of physics teaching to the needs of wartime were 
discharged. All other committees- were authorized to 
continue work. The committee for the 1943 Richtmyer 
memorial lecture consists of G. E. Grantham, Chairman; 
T. D. Cope, C. J. Overbeck, F. Palmer and G. B. Pegram. 

A report from the chairman of the Nominating com- 
mittee for 1942, F. L. Brown, was read. President Knowlton 
had previously appointed J. E. Shrader, F. L. Nutting and 
M. R. Wehr as tellers for the 1942 election, and they had 
received the ballots and determined the vote as of January 
5, 1943. However, approximately 40 additional ballots 
were received by the secretary after the foregoing count 
had been made. At the direction of the Committee, the 
chair named F. Palmer, Vola P. Barton and W. C. Wine- 
land to receive all ballots from the secretary, to accept the 
count of January 5 and to add to the latter all votes since 
received from members in good standing. J. G. Winans 
was appointed chairman of the Nominating committee 
for 1943. 

The secretary stated that all regional chapters had filed 
reports for 1942 and had named representatives on the 
executive committee for 1943. 

Upon recommendation of the editor of the AMERICAN 
JouRNAL oF Puysics, J. D. Elder, Leigh Page, R. M. 
Sutton and E. C. Watson were appointed associate editors 
for the period 1943-1945. The editor reported that the 
previously authorized cumulative author and analytic 
subject index covering the first ten volumes of the journal 
is in preparation and will be published this year. The 
original plan to include an index to selected articles in other 
periodicals has been temporarily abandoned because of 
the pressure of war work. 

T. D. Cope was nominated to succeed G. R. Harrison 
as representative of the Association on the governing 
board of the American Institute of Physics. H. A. Barton 
discussed the need for a joint resolution by the Association 
and the American Physical Society on wartime training of 
scientific and technologic personnel for services essential 








to the 
\fter st 
a Com1 
of the 
present 
meetin: 
ind F. 
It w. 
\merit 
Sutton 
represe 
A. Aad 
W. Te 
Kirkpé 
It w 
which 
mean 
electic 
Inv 
1943 | 
14-19 
in Ch 
§..F; 
ican ] 
be acc 
if reg 
the A 
Th 
busin 
torie: 
1943. 
Th 
meet 
were 
on tk 


PROCEEDINGS OF 


to the war effort but not included in the armed forces. 
\fter some discussion the chair was instructed to appoint 
a Committee on resolutions to confer with representatives 
of the Physical Society and to prepare a resolution for 
presentation to the Association during its annual business 
meeting; the chair named R. C. Gibbs, chairman; F. Palmer 
ind F. G. Slack. 

It was voted to continue constituent membership in the 
\merican Council on Education during 1943, with R. M. 
Sutton, K. Lark-Horovitz and R. C. Gibbs as Association 
representatives. Representatives on the councils of the 
A. A. A. S. were appointed as follows: W. P. Davey and L. 
W. Taylor on the National council; L. E. Dodd and P. 
Kirkpatrick on the council of the Pacific Division. 

It was voted that the passage in the Association By-laws 
which authorizes emeritus membership be interpreted to 
mean that emeritus members have the right to vote in 
elections. 

Invitations to participate in summer meetings during 
1943 were received as follows: at Corvallis, Oregon, June 
14-19, in affiliation with the Pacific Division, A. A. A. S.; 
in Chicago, Illinois, June 18-20, with the Physics Section, 
S. P. E. E.; in a proposed summer meeting with the Amer- 
ican Physical Society. It was voted that these invitations 
be accepted in principle and that the meetings be conducted 
if regional committees on arrangements are appointed by 
the Association officers. 

The annual business meeting—The twelfth annual 
business meeting convened in the Pupin Physics Labora- 
tories, Columbia University, at 12:30 P.M., January 23, 
1943. President Knowlton presided. 

The actions taken by the executive committee at its 
meetings on January 21 were reviewed by the secretary and 
were approved without dissent. Similar action was taken 
on the reports of the treasurer [Am. J. Phys. 11, 48 (1943) ] 
and of the editor. 

After hearing the report of the tellers, the chair ruled 
that the election had resulted as follows: 


President: L. W. TAYLOR 

Vice President: R. C. Grsss 

Treasurer (two years): P. E. KLOPSTEG 

Secretary (two years): C. J. OVERBECK 

Members of Executive Committee (two years): GLADYS A. 
ANsLow, P. KiRKPATRICK. 


The Committee on resolutions reported that, as directed 
by the executive committee, it had conferred with repre- 
sentatives of the American Physical Society and had pre- 
pared a resolution in which it is pointed out that the 
Army and Navy College Training Programs as so far 
announced provide for the training of technical personnel 
for use almost solely, if not entirely, within the armed 
forces; therefore, that other war agencies, such as war 
industrial, research and training staffs, are now confronted 
with the closing off of the usual avenues of supply of 
technically trained personnel; hence, that effective steps 
should be taken immediately to provide an over-all War 
Training Program to meet all the needs of the armed serv- 
ices, of war industry and of war research in scientific and 
technologic fields; and that adequate provision be made to 
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insure such a flow of personnel trained in physics into war 
research, industrial and training staffs as will be necessary 
to prevent serious impairment of the critical services to be 
rendered by these agencies; finally, that copies of the 
resolution be sent to the Chairman of the War Manpower 
Commission, to the Secretary of War, to the Secretary of 
the Navy, to the Chairman of the War Production Board, 
to the Director of the Office of Scientific Research and 
Development and to the Chairman of the National Defense 
Research Committee. The resolution was adopted without 
dissent. 

In view of the fact that the priority situation has not 
improved, the Association voted to reaffirm its action 
taken at Pennsylvania State College, June 26, 1942, to the 
effect that the American Institute of Physics, through its 
War Policies Committee, be asked to give special attention 
to the problem of securing adequate priorities for materials 
needed by educational institutions for repairs, replacements 
and developments of equipment used in teaching physics 
to students preparing for chemistry, engineering, medicine, 
dentistry, veterinary medicine, teaching of physical science, 
military and naval service and other callings essential to 
the war effort. 


It was voted that the Association representatives before 
the American Council on Education be empowered to 
speak for the Association on the problem of federal aid 
for teacher training projects during the emergency. 

By arising vote the retiring secretary was thanked for his 
services to the Association. President-elect Taylor was 
then called to the chair, and a similar expression of thanks 
was accorded the retiring president. 


Tuomas D. Cope, Secretary 


ATTENDANCE 


Members who registered at the New York meeting were: 


Alice H. Armstrong, Wellesley College; E. F. Barker, University of 
Michigan; E. C. Barkofsky, Federal Telephone and Radio Laboratories; 
B. W. Bartlett, United States Military Academy; H. A. Barton, Amer- 
ican Institute of Physics; V. P. Barton, Goucher College; P. F. 
Bartunek, Rensselaer Polytechnic Institute; Hilda Bass, Smith College; 
C. E. Bennett, University of Maine; H. Louisa Billings, Smith College; 
O. H. Blackwood, University of Pittsburgh; H. Branson, Howard 
University; G. P. Brewington, Lawrence Institute of Technology; 
Catherine L. Burke, Wellesley College; G. H. Burnham, American 
Institute of Physics; W. S. Burton, George School; B. Cioffari, College 
of New Rochelle; W. R. Cole, Lincoln University; T. D. Cope, Uni- 
versity of Pennsylvania; R. T. Cox, New York University; S. W. Cram, 
Kansas State Teachers College; W. P. Davey, Pennsylvania State 
College; K. B. Demaree, McGraw-Hill Book Company; H. L. Dodge, 
Office of Scientific Personnel; Elsie M. Dollman, New York University; 
H. W. Farwell, Columbia University; R. C. Gibbs, Cornell University; 
M. C. Harrington, Drew University; C. L. Henshaw, Colgate Univer- 
sity; Erna M. I. Herrey, Queens College; J. R. Hobbie, Skidmore 
College; G. F. Hull, Dartmouth College; A. B. Hussey, College of New 
Rochelle; M. C. Hylan, Rariton Arsenal; Bro. Godfrey John, La Salle 
College; G. E. C. Kauffman, Stony Brook School; E. C. Kemble, 
Harvard University; A. A. Knowlton, Reed College; V. O. Knudsen, 
University of California, Los Angeles; B. Kurrelmeyer, Brooklyn 
College; K. Lark-Horovitz, Purdue University; E. M. Little, Frankford 
Arsenal; F. W. Loomis, University of Illinois; Louise S. McDowell, 
Wellesley College; P. E. Martin, Muskingum College; A. B. Meservey, 
Dartmouth College; Helen A. Messenger, Hunter College; H. A. Miley, 
Camp Evans Signal Laboratory; Nora M. Mohler, Smith College; 
Rose C. L. Mooney, Newcombe College; R. Morgan, University of 
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Maryland; R. M. Morrow, Albion College; C. C. Murdock, Cornell 
University; F. Palmer, Haverford College; R. F. Paton, University of 
Illinois; E. M. Rogers, Princeton University; R. D. Rusk, Mt. Holyoke 
College; H. K. Schilling, Pennsylvania State College; R. S. Shaw, Col- 
lege of the City of New York; A. W. Smith, Ohio State University; 
G. W. Stewart, University of Iowa; W. W. Stifler, Amherst College; 
Hildegard Stiickler, Mt. Holyoke College; R. M. Sutton, Haverford 
College; L. W. Taylor, Oberlin College; F. H. Trimble, Armour Research 
Foundation; M. H. Trytten, University of Pittsburgh; Katherine M- 










HE science of physics is experiencing an 
opportunity for immediate and desperately 
needed service such as few of us ever foresaw. 
Before this war is over, it will be possible to say 
of physicists what Churchill said of the English 
fighter pilots: ‘‘Seldom have so many owed so 
much to so few.” In their gratification at this 
opportunity, physicists, more especially teachers 
of physics, must not overlook an accompanying 
responsibility. 

Just at present the overwhelming demand is for 
gadgets and trained men to operate them. These 
we must provide, notwithstanding a ten-to-one 
handicap. Yet if we do not go beyond this we 
shall but contribute to a serious and widespread 
misapprehension. The general public, insofar as 
it has any impression about physics at all, is 
inclined to picture physicists as a group of 
high-grade electricians and mechanics. This 
function we can perform, to be sure, and perform 
effectively. But there is some danger that our 
satisfaction in playing a mechanician’s role, 
urgent though it is just now and in the im- 
mediate future, may cause us to overlook a more 
important long-range function. 

The principal significance of physics during the 
last 350 years has not been the production of 
gadgets, overwhelming though the. volume of 
invention has been, but rather the provision of 
the soil in which the spirit of discovery and 
invention could thrive. This will be as true for the 
future as it has been for the past. Some vision 
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Body and Soul—A Message from President L. W. Taylor 


Van Horn, New Jersey College for Women; P. L. Vissat, Cornell 
University; L. R. Weber, Colorado State College; Dorothy W. Weeks. 
Wilson College; M. W. White, Pennsylvania State College; W. C, 
Wineland, Morehead State College; K. S. Woodcock, Bates College; 
J. W. Woodrow, Iowa State College; A. G. Worthing, University of 
Pittsburgh; J. Zeleny, Yale University; G. E. Ziegler, Armour Research 
Foundation; R. A. Boyer, Muhlenberg College; J. A. Duncan, U. S. 


Naval Academy; J. R. Lawson, Fisk University; A. Spector, Queens 
College. 








of this must have prompted Dean Knudsen at 
the last annual meeting when he said: 


Physics must become more than a source of mere 
mechanical technics and gadgets. It must, I believe, 
contribute consciously to the science of values. 


While physicists dislike to deal explicitly with 
their value concepts, the fact is that without 
one such concept, utter fidelity to observable fact, 
as its starting point there could be no such thing 
as science. Though this may at first appear to be 
a truism, there are some common fields where 
fidelity to observed fact is more likely to be 
rated a vice than a virtue. The great contribu- 
tion of the sciences, pioneered by physics, to the 
world of intellectual endeavor lies in putting 
fidelity to observable fact ahead of every other 
consideration. 

Not that the sciences possess now, or ever 
did possess, a monopoly on fidelity to fact. 
Still less that individual men of science are 


_always exemplars of that virtue. But the sciences 


constituted the first large section of the intellec- 
tual world to make such fidelity its point of 
departure and principal criterion of acceptable 
work. This is the point of greatest significance 
in the sciences, rather than the array of dis- 


coveries and inventions that so impresses the 


proverbial man on the street. To the extent that 
we as teachers use traditional classroom ma- 
terial as a culture medium for the growth and 
spread of fidelity to observable fact, to just that 
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DIGEST OF 
extent shall we be meeting our highest profes- 
sional responsibility. 

Professor Hocking stated a profound truth 
when he said: 


We are scientific people and we want our students 
to feel the enthusiasm and promise of the scientific 
method. We want them to feel the moral quality of 
exact technic, as exact as the subject matter permits. 
We want them to feel that science is a spiritual 
enterprise. 


For the cultivation of this ideal, physics—as the 
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pioneer science—possesses a primary responsi- 
bility. 

Let us as physicists bend every energy to our 
major part in winning this war. Let us as teachers 
marshal every resource to the prosecution of 
effective instruction in our subject, both now and 
after the war is over. Let us as aspiring human 
beings make all these efforts count toward the 
attainment of the values for the cultivation of 
which we share, with our colleagues in other 
intellectual areas, a responsibility to all peoples 
and all times. 


DIGEST OF PERIODICAL LITERATURE 


A Heat-Sensitive Liquid 


A little crystalline cobalt chloride is dissolved in colorless 
industrial alcohol, and water is added a drop or two at a 
time until the deep blue liquid just turns pink. This liquid 
changes sharply in color when heated and returns to its 
original color on cooling; hence it is useful in convection 
experiments. The motion of the liquid may often be made 
clearer if one drop of ammonium hydroxide solution is 
added, so that flocculent particles of cobalt hydroxide are 
formed.—H. G. ANDREW, Sch. Sci. Rev. 24, 82 (1942). 

+. DE. 


Static Determination. of the Components of the Earth’s 
Magnetic Field Strength 


This method of finding H and V is a modification of one 
due to Toepler (1884). An iron rod is attached with its axis 
vertical to the pointer of a balance, made of nonferrous 
material, at such a height that the center of gravity of the 
system is near the knife-edge but below it. The beamyis 
alined in the magnetic meridian. The iron rod is magnetized 
by means of a solenoid or by two bar electromagnets placed 
in contact with its ends, and the beam is balanced with the 
rider. The rod is then magnetized in the opposite sense and 
the rider is shifted to restore equilibrium. The product of 
the weight of the rider and the change in its position is 
equal to 2MH, where M is the magnetic moment of the 
magnet. If the experiment is repeated with the iron rod 
horizontal, the corresponding product gives the value of 
2MV. If now the value of M/H is known from a deflection 
magnetometer experiment, the values of both H and V 
can at once be found. The present method does not involve 
the moment of inertia of the magnet; it clarifies the concept 


of magnetic moment; and it emphasizes the fact that the 
earth’s field is not restricted to a horizontal plane.—E. J. 
Irons, Sch. Sci. Rev. 24, 76-78 (1942). J. D. E. 


Inexpensive X-Ray Equipment for Demonstrations 


Obsolete x-ray medical equipment may often be obtained 
from dealers at a fraction of the cost of new apparatus and 
is entirely suitable for lecture demonstrations. A sug- 
gested set-up consists of two Crookes’ tubes and a Coolidge 
tube in series, operated from an oil-immersed high voltage 
transformer that contains a built-in filament transformer 
for the Coolidge tube. The high voltage and the current 
are controlled by an autotransformer and a resistor, 
respectively, connected in the primary circuit. The high 
tension lines may safely be carried by clean wooden support 
stands. 

In this set-up the Coolidge tube is used both for the 
production of x-rays and as a rectifier for the Crookes’ 
tubes. It was found that the electron beams produced in 
this way are much sharper than those produced with the 
aid of an induction coil.—C. L. Curist, J. Chem. Ed. 19, 
548 (1942). J. Dc B. 


A Projection Manometer 


A manometer that can be used in place of the slide 
holder of a projection lantern is useful for lecture demon- 
strations. An 18-in. length of 6-mm glass tubing is bent 
into the shape of a square U, the bottom of which is about 
4 in. long. The tube is mounted with the arms horizontal 
between two pieces of 1.4-in. plywood, in each of which 
has been cut a rectangular window. The pieces of plywood 
are separated by wooden spacers, and the bottom of the 












































U is opposite the windows. The dimensions of the apparatus 
are such that it will replace the slide holder in the lantern. 

A piece of transparent ruler may be mounted beside the 
bottom of the U—which is vertical—to serve as a scale. 
The lower arm of the manometer may be attached either 
to a vertical thistle tube containing a liquid or to a tube 
passing through a stopper into liquid in a flask. In the 
latter case the pressure in the flask is observed. If, however, 
the flask is connected to the system under observation by 
another tube through the stopper, a third tube provided 
with a stopcock may be used to control the position of the 
meniscus in the manometer without appreciably disturbing 
the system.—J. W. Moore and C. M. Furacason, J. Chem. 
Ed. 19, 513 (1942). #. DWE. 





An Atomic Structure Chart 


Numerous methods have been suggested for constructing 
a chart of the elements that would be superior to the 
original Mendeleeff periodic table, but to all of them there 
have been objections. However, a chart can be made that 
“overcomes all seven of the defects of the atomic number 
charts without introducing any new difficulties and, in 
addition, combines the quantum number table with the 
periodic system.”” This chart is based on the electronic 
structuré of the elements; the position of an atom in the 
chart is given by plotting the location of its differentiating 
electron, namely, ‘‘the additional electron which makes an 
atom different from the atom of the preceding element in 
order of increasing atomic numbers.”’ The shell in which 
the differentiating electron lies—that is, the principal 
quantum number n—is taken as the ordinate; the num- 
ber of the electron in that shell is the abscissa. The 
elements fall into three groups: the ‘representative ele- 
ments,”’ in which the differentiating electron is in the 
outermost shell; the ‘‘related metals,’’ in which it is in the 
second from outermost shell; and the rare earths, in which 
it is in the third from outermost shell. Thus the rare earths 
find their proper place in the chart. The fact that there are 
breaks in the order of atomic numbers in this form of 
chart is not disturbing, for the electron configuration of an 
atom is chemically more fundamental than atomic num- 
bers.—W. F. Luper, J. Chem. Ed. 20, 21-26 (1943). 


J. D.E. 


A Simplified Electronic Thermoregulator 


A small thyratron—the 2A4G—can be used in place of 
the more common relay to control the heating current for 
maintaining the temperature of a small water bath. In the 
present application, the bath required 10 to 15 w of energy 
and the temperature was kept constant to within 0.05°C. 
The circuit is controlled by means of a mercury-toluene 
thermoregulator. The mercury contact does not oxidize 
because it carries only the very small grid current of the 
thyratron, and the relay contacts are eliminated. 

The circuit in its simplest form is shown in Fig. 1. If the 
mercury contacts are open, the grid is at cathode potential 
and the plate current will be directed through the 2000-ohm 
heating coil during the half-cycle in which the plate is 
positive. When the mercury column rises to close the 
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contacts the grid is brought toa negative potential during 
the part of the cycle when the plate is positive, and thus 
prevents conduction. This action is the result of the fact 
that the ends of the high voltage winding of the transformer 
are 180° out of phase with respect to the center tap. 
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Fic. 1. Diagram of circuit. 


The circuit may be safeguarded against tube failure by 
using two thyratrons in parallel, the grid of one being con- 
nected to the cathode of the other through a 1-megohm 
resistor and an 11.3-v winding on the transformer. One of 
the tubes will operate in preference to the other until it 
fails, whereupon the second tube will function, thus 
providing an indication of the failure of the first.—W. E. 
GiLson and H. A. Wooster, J. Chem. Ed. 19, 531-2 (1942). 

JD. EY 


A World Language 


In the interest of international communication and free 
expression of ideas, it is hoped that scientific organizations 
will assist in the movement toward an agreed auxiliary 
language that can be easily learned and used by all civilized 
peoples of the world. The International Morse Code is an 
example of an accepted system of alphabetical and 
numerical communication, and the need now is for an 
auxiliary vehicle of language that will be as widely under- 
stood. 

In 1921, a representative committee of the British As- 
sociation published a careful and comprehensive report on 
this subject. After giving unanimous approval to the 
desirability of an international auxiliary language, the 
Committee considered the relative merits of three types: 
(i) a dead language, perhaps Latin; (ii) a national language, 
say, English; (iii) an invented language, for example, 
Esperanto or Ido. After careful consideration of evidence 
provided by experts, the Committee reached conclusions 
that briefly are as follows: (i) Latin is too difficult to serve 
as the desired language, and its disadvantages outweigh 
its advantages; (ii) the adoption of any modern national 
language by the common consent of the chief nations is 
unlikely, as it would confer undue advantages and excite 
jealousy, however impartial the promoters of the language 
might be; (iii) an invented language constructed on 
scientific principles and adaptable to many diverse require- 
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ments is a practicable means of international communica- 
tion; it is neutral and has advantages of simplicity not 
possessed by most national languages. What invented 
language will meet with general approval remains to be 
decided by international agreement. 

A British Association committee on post-war university 
education has recently recommended that apart altogether 
from the academic study of language and literature, every 
university should require its students to be able to speak 
and write an auxiliary international language. A simple 
common language is one of the best ways of promoting 
world-wide interrelationships; its construction should not 
be beyond the power of responsible literary, scientific and 
commercial authorities working cooperatively —R. GREG- 
orY, Nature 150, 622 (1942). D. RR. 


Will School Mathematics Survive the War? 


Soon after Pearl Harbor the educational world was badly 
jarred by the widespread protests of the Army, the Navy 
and the technical schools against the mathematical de- 
ficiencies of most ‘high school graduates. The Progressive 
educationists held their peace while the associations of 
mathematics teachers move to raise their standards and 
many colleges took advantage of the situation to strengthen 
their mathematics departments. The chief “reform” was 
the introduction of “sub-freshman”’ courses to atone for 
high school deficiencies. Many teachers and conservative 
educators hoped that this might be one of the few minor 
blessings of war—a permanent recovery of the former 
position of elementary mathematics in general education. 

But the Progressives are beginning to move again. Pos- 
sibly the first symptom of revival was the suggestion, 
voiced deferentially here and there, that while the war 
demands for mathematical training must, of course, be met, 
all experienced teachers would realize that this was simply 
a temporary situation; when the emergency was over, they 
would, as a matter of course, revert to the teaching prac- 
tices and traditions that had proved so satisfactory during 
the Progressive era. Recent educational conventions show 
1 somewhat different line of attack. The necessity of 
meeting war needs in the field of numbers is frankly and 
patriotically recognized. It is suggested that these urgent 
requirements should be met by concentrating mathematics 
teaching upon practical, mechanical problems—aero- 
dynamics, navigation, surveying, and so forth—avoiding 
any general treatment of mathematical theory. This means, 
of course, that high school students will be merely taught, 
verbalistically, without any comprehension of the prin- 
ciples involved, how to work certain types of problems by 
rule-of-thumb formulas. It ignores completely the funda- 
mental, educational role of mathematics in developing a 
sound, scientific, rational philosophy of life. It also leaves 
it perfectly obvious that, as soon as the emergency is over, 
these special types of mathematical instruction will be 
superfluous, and can be dropped without any fuss. Teachers 
will need to rally all their resources of influence and per- 
suasion if the war is to result in any permanent improve- 
ment of the sadly neglected mathematical education of 
the general public—G. WAKEHAM, Sch. and Soc. 56, 554- 
555 (1942). D.R. 
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Suggestions on Ways to Increase Wartime 
Physics Teaching Capacity 

As soon as the Army and Navy training programs are in 
full operation there will be an unprecedented demand for 
teachers of physics. Although the institutions participating 
in these programs have already had their ranks seriously 
depleted, there remain two sources of teachers that should 
not be overlooked. The first source is the nearby institutions 
that will not have Army and Navy programs. Although 
such institutions should continue to teach physics to as 
many students as possible—particularly since the needs of 
war research, industry and teaching must be satisfied 
mainly by those who are ineligible for military service— 
nevertheless, some physics departments will find it impos- 
sible to continue in operation and their staff members 
should be added to departments in need of their services. 

A second source of supply is within the institution itself. 
Many college teachers of other subjects have sufficient 
knowledge of physics so that, with some brushing up and 
observation of good teachers at work, they can become 
proficient instructors of beginning physics. These men and 
women should be found at once and encouraged to prepare 
for the teaching service which they will almost certainly be 
called upon to perform either in their own institutions or 
elsewhere. 

Another consideration to be kept in mind by depart- 
ments in making adjustments to the present situation is 
that all teaching and research must be directed to war ends. 
Advanced undergraduate and graduate work will soon 
make only small demands on staff time except in the few 
institutions where the Army and Navy programs will call 
for advanced work. Therefore, in many institutions there 
will be physicists who can serve the war effort better by 
going into war research than by teaching beginners. Insti- 
tutions must release such men freely and replace them from 
the two sources already mentioned. Since there seems to be 
no hope that the present and future needs for war research 
will be satisfied, all physicists who are as good research men 
as they are teachers of beginners are urged to send notice 
of when they will be available to the Office of Scientific 
Personnel, 2101 Constitution Avenue, Washington, D. C. 
The office will facilitate adjustments in every way possible 
if they cannot be worked out locally and will be glad to 
receive information regarding institutional needs and 
available personnel. However, it will attempt to prevent 
bidding among institutions in mad competitidn for per- 
sonnel. It is to the interest of all concerned that a sufficient 
supply of teachers should be developed and that the neces- 
sary adjustments be made easily and efficiently —H. L. 
DopceE, Science 97, 16-17 (1943). 

Note. Much thought is being given to ways of increasing 
the total instructional capacity in physics. Thus, some 
institutions are offering refresher courses in physics to 
faculty members who normally are in other departments. 
It is also possible to experiment with revised schedules, 
makeshift laboratory equipment and other temporary ex- 
pedients. Readers who have given thought to this problem 
are invited to submit letters for publication under ‘‘Notes 
and Discussion.”” A prompt exchange of views might prove 
to be quite valuable.—D. R. 
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Cosmic emotion. P. R. Heyl, Sci. Mo. 55, 558-565 
(1942). Wonder, curiosity, reverential awe and physical 
insignificance have been features of man’s cosmic emotion 
since earliest times, and bid fair to remain so as long as 
our race shall last. A fifth element, superstitious fear, has 
now almost faded away. 

Problem of the expanding universe. E. Hubble, Sci. Mo. 
56, 15-30 (1943). A brief description of the observable 
region of space, of the current theory of the expanding 
universes of general relativity, and of recent, more accurate 
observations designed to clarify and test the theory. 

Science in the newspaper. B. J. Novak, Sci. Ed. 26, 
138-143 (1942). An analysis of the science content of the 
New York Times for the years 1930, 1933, 1936 and 1939. 
Of 15 science topics, health and medicine averaged 20 
percent of the total space devoted to science; communica- 
tion and transportation was second, with about 9 percent; 
atomic and theoretical physics was ninth, with 6 percent; 
light, heat, sound and electricity was eleventh, with 5 
percent; mechanics was last, with 2 percent. The space was 
about equally divided between biological and physical 
science. 

Newton after three centuries. E. T. Bell, Am. Math. 
Mo. 49, 553-575 (1942). 

The functions and performance of the eye. W. D. 
Wright, J. Sci. Inst. 19, 161-165 (1942). A simple account 
of the eye and the visual processes, with some data on the 
remarkable efficiency of the eye under good observing 
conditions. ‘It is unfortunate that physicists are not, as 
a rule, very familiar with the operation and performance 
of the eye, in spite of their intensive efforts to outdo that 
organ.” 

The teaching of natural sciences and mathematics. S. R. 
Powers, et al., Rev. Ed. Research 12, 362-450 (1942). 
Reviews and selective bibliographies of recent investiga- 
tions in science education. 

Some college students describe the desirable college 
teacher. E. E. Lamson, Sch. and Soc. 56, 615 (1942). A 
group of seniors at New Jersey State Teachers College 
assigned the following relative ranks to qualities which 
they valued most highly in a college professor: possession 
of expert knowledge, 49; vital personality, 46; fairness and 
impartiality, 45; ability to organize and instruct, 40; 
ability to get along with students, 33; sincerity and honesty, 
23; sense of humor, 17; appearance, 13. 

Science and government. H. G. Moulton, Science 96, 
523-527 (1942). What scientists can and cannot do to 
further the development of science in government, by the 
President of the Brookings Institution. 

On numbering book illustrations. L. G. Westgate, 
Science 96, 581 (1942). Reader time and irritation would 
be saved if illustrations in physical science textbooks were 
numbered, not consecutively, but according to their page 
number; thus, an illustration on page 32 would be Fig. 
p. 32, or even Fig. 32. 
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Science, common sense and decency. I. Langmuir, 
Science 97, 1-7 (1943). ‘‘The mistaken over-emphasis on 
convergent phenomena in human affairs and the reliance 
on so-called scientific methods have been responsible in 
large degree for much of the cynicism of the last few 
decades. . . . Since we have to live with our minds, we 
should train them, develop them, censor them—but let us 
not restrict them by trying to regulate our lives solely by 
science or by reason.” 

Simplified photomicrography with a hand camera. R. P. 
Loveland, Science 97, 24-26 (1943). Almost any ordinary 
camera can be used without mutilation and with the 
camera available immediately for other purposes. The 
optical efficiency of the method is high; the definition of 
the pictures is equal to that obtained with professional 
equipment. 

Rutherford: life and work to the year 1919. H. R. 
Robinson, Nature 150, 591-593 (1942). First Rutherford 
memorial lecture of the Physical Society. 

New methods of calculating illumination. P. Moon, J. 
Opt. Soc. 33, 115-122 (1943). An evaluation of recent im- 
provements in the theory of illumination calculations in 
their relation to the general subject of photometrics. ‘‘Pho- 
tometrics should be developed as a complete discipline, 
with methods of the greatest generality from which all 
special cases can be derived. There is nothing of the kind 
at present.” 

Benjamin Franklin and the mysterious “Dr. Spence.” 
I. B. Cohen, J. Frank. Inst. 235, 1-25 (1943). The date and 
source of Franklin’s interest in electricity. 

Limitations of visual education. H. J. Gilkey, J. Eng. 
Ed. 33, 426-431 (1943). The function served by motion 
pictures and similar visual aids is useful but limited. 

Flux calculations in optical systems. A. C. Hardy, J. 
Opt. Soc. 33, 71-74 (1943). The calculation of the flux con- 
tent of an optical image may be likened to a calculation 
based on Ohm’s law for a simple series circuit: the bright- 
ness of the source plays the role of emf; the limiting aper- 
ture is analogous to resistance; and the flux content of the 
image is determined almost as simply as the electric cur- 
rent. “The validity of this analogy is unfortunately dis- 
credited by the attention devoted to Ohm’s law in even the 
most elementary physics textbooks and the omission of the 
corresponding material pertaining to optics.” 

The instantaneous motion of a rigid body. D. Jackson, 
Am. Math. Mo. 49, 661-667 (1942): A suggested method 
of presentation. 

Sirens and bels. J. O. Perrine, Sci. Mo. 56, 145-154 
(1943). The power of the sound emitted by the Chrysler- 
Bell super-siren is 42.2 kw, and the intensity at 1 mi is 
10 bels. A 30-in. rotating plate at 4400 rev/min has six 
holes that interrupt blasts of air from six 2X 2-in. throats. 
The total air current is 2500 ft?/min at 5 lbwt/in.? The 
article presents interesting data on sound intensities due 
to various modern sources. 
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